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AND Hygiene. 

VoL. XXXIIL No. 1. June, 1939. 


LABORATORY MEETING 

of the Society held at 

The Royal Army Medical College, Millbank, London, S.W.l, 

on 

Thursday, 16th March, 1939, at 8.15 p.m. 

The President 

Lt.-Col. S. P. James, C.M.G., M D , F.R.S., I.M.S. (retd.) 

in the Chair. 


DEMONSTRATIONS. 


The Royal Army Medical College, Hygiene Department. 

I. Water purification in the field. 

Models and diagrams were exhibited illustrative of the manner in which 
difficult.es of water purification in the field are met and of recent advances in 
apparatus available. 

A small scale model of the Elliott Mobile Water Purifier was shown, 
together with a large scale working model of the actual purifying apparatus. 

This purifier will produce 3,000 gallons of filtered and chlorinated water 
an hour. 

The metafilter which is the type of filter used in the Elliott Purifier at present 
was also demonstrated, together with a new and improved filter known as the 
** stellar ” filter, which embodies much the same basic principles as the 
metafilter. 

II. Disinfection and Disinfestation in the field. 

A small scale model, with diagrams and photographs, of the latest type 
of portable steam disinfector for use in the field was exhibited. This apparatus, 
carried on a 2 or 3 ton lorrj', will deal with some 250 to 300 blankets or their 
equivalent an hour, and embodies recent improvements in heating methods 

A 
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preserving outlines of malarial para- 
sites in thick films, 635. 

Tetanus and sulphanilamide, 164. 
Tityustrinitatis (Trinidad scorpion), 113. 
Toxoplasma, method of reproduction of, 

10 , 

Trachoma and sulphanilamide, 152. 
Tropical climate and human habitations, 
601. 

ulcer (correspondence), 130. 
Trj-panocidal activity of sj-nthalin, 463. 
Trypanosoma bnicci in salivaiy gland of 
G. morsitans (title of demonstration 
only), 5. 

letvisi — Timothy Lewis’s original 
photomicrographic negatives, 


Trypanosoma rhodesiense infections in sheep 
and antelopes, 37. 
(correspondence), 127, 276. 
Trvpanosomes, neecssitv of glucose to, 
■ 463. 

Trypanosomiasis, in some African de- 
pendencies, 11. 

treated with diamidino stilbene, 
472. 

Tsetse, see also Glossina. 
research, 11. 

Tuberculosis, pulmonary in Uganda. 453. 
Typhoid and sulphanilamide, 151, 167. 
Typhus in Palestine, 197. 

Tsutsugamushi disease (typhus-like fever) 
and sulphanilamide, 165. 


Ulcer, tropical (correspondence), ISO. 
Ultra-triolet rays and eosin in treatment of 
bites of rabid animals, 233. 

Undulant fever, see also brucellosis, 
and sulphanilamide, 150, 181, 183. 

M. & B. 693 in, 9. 

new method of blood culture in, 183. 

Vaccination against oriental sore, 87. 
(correspondence), 359, 361. 


War malaria, 277. 

Water and cholera in Central China, 220. 
intestinal protozoa of man in Syria and 
Lebanon, 319. 
purification in the field, 1 . 

Weil’s disease, correct name of specific 
agent : Leptospira interrogans, 545. 

Wtichereria hancrofti causing filariasis of 
testicle, 335, 653. 

mode of parturition, 8. 
transmission of (correspondence,) 
363. 


Yellow fever in British Guiana, 241. 

inoculation, followed by attack of 
P. ovale malaria, 9. 
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DEMONSTRATIONS. 


The Royal Army Medical College, Hygiene Department. 

I. Water purification in the field. 

Models and diagrams were exhibited illustrative of the manner in which 
difficult.es of water purification in the field are met and of recent advances in 
apparatus available. 

A small scale model of the Elliott Mobile Water Purifier was shown, 
together with a large scale working model of the actual purifying apparatus. 

This purifier will produce 3,000 gallons of filtered and chlorinated water 
an hour. 

The metafilter which is the type of filter used in the Elliott Purifier at present 
was also demonstrated, together with a new and improved filter known as the 
stellar ” filter, Avhich embodies much the same basic principles as the 
metafilter. 

II. Disinfection and Disinfestation in the field. 

A small scale model, with diagrams and photographs, of the latest type 
of portable steam disinfector for use in the field was exhibited. This apparatus, 
carried on a 2 or 3 ton lorrj^, will deal with some 250 to 300 blankets or their 
equivalent an hour, and embodies recent improvements in heating methods 

A 
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to produce a maximum of steam in a minimum of time, and in insulation of the 
metal disinfecting chambers. 

A scale model together with diagrams and explanatory notices was also 
shown of a new portable apparatus for the rapid production of hot air and its 
adequate circulation through suitably distributed materials in insulated chambers 
to attain a temperature throughout such materials of 70° C. for 5 minutes, 
in 1 hour in primary, and 40 minutes in secondary, runs, with a view to ensuring 
the destruction of lice and their eggs. The machine may also be used for drying 
purposes. 

This apparatus is still in the experimental stage, but sufficient investigations 
have been carried out to demonstrate the value of the method employed and the 
superiority of this type of apparatus over those used in the field in the past. 

III. Effects of training of sub-standard recruits at the Recruits’ Physical 
Development Depot at Canterbury, 

An interesting series of photographs and diagrams were on view to 
demonstrate the results being attained at the Recruits’ Physical Development 
Depot, together with the diet provided and the programme of work. 

It was shown that average gains of weight of 81b. after 3. months at the 
Physical Development Depot, followed by a further 4‘7 lb. increase after 6 
months with the unit may be expected, Le., a total average gain of weight of 
15 lb. per man in some 15 months. In this period also there is usually an 
increase in height of about 1 inch. 

The photographs shown gave also a very clear indication of mental and 
physical improvements effected in other ways. 

IV. Propaganda. 

Propaganda in regard to hygiene, tropical or otherwise, is of great importance 
to the Army and a demonstration was given of lantern slides on Malaria and its 
Prevention which illustrated the essential features in an instructive and amusing 
way and in such a manner as to impress these points on the men as adequately as 
possible. 

V. Military Hygiene Museum. 

The Military Hygiene Museum with its various sections was open to 
visitors throughout the evening. 

Prof. S. Adler and Rivkah Ashbel, Hebrew University, Jerusalem. 

Experimental Human and Rat Leprosy*. 

I. Rat leprosy in the spermophile. 

Spermophile No. 33, which was inoculated intraperitoneally on 25.8.38 
with emulsion of rat tissues containing Stefansky’s bacillus, died on 23.1.39. 

1. Smear from omentum showing numerous acid-fast bacilli. 

♦This work was assisted by a grant from the Medical Research Council. 
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2. Smear from subcutaneous tissue of the left groin showing scattered acid- 
fast bacilli. 

3. Smear from a leproma in the abdominal wall showing acid-fast bacilli. 

II. Human leprosy in the hamster. 

(a) Hamster 2 was inoculated with human leprosy bacilli by the 
implantation of a nodule of human tissue into the muscle of the left thigh 
(23.7.37). On 1.9.37 the left inguinal gland was removed and found to be full 
of leprosy bacilli. On 5.4.3S fragments of a human leprosy nodule were 
implanted into the epigastrium and left groin. The animal died on 27.2.39. 

4. Smear from connective tissue from the lower part of the abdomen 
sho\nng leprosy bacilli ; the connective tissue of the right inguinal region was 
similarly affected. 

5. Smear from nodule in the epigastrium showing leprosy bacilli. 

{b) Hamster 40 was inoculated (10.9.3S) with human leprosy bacilli by 
the implantation into the abdominal cavity of a small fragment of a human 
leprosy nodule and by tlie subcutaneous inoculation of an emulsion of human 
leprosy bacilli. The animal died on 20.1.39. 

6. Smear of subcutaneous connective tissue of abdominal wall showing 
leprosy bacilli. 

(c) Hamster 131 was inoculated on 9.1.38 with human leprosy bacilli 
by the implantation into tlie abdominal wall of three fragments of human 
leprosy nodules. 

7. Smear of pieces of connective tissue removed 3 months after inoculation 
showng leprosy bacilli. 

(d) Hamster 161 was inoculated on 23.3.3S with human leprosy bacilli 
by the implantation into the middle of tlie abdomen of a fragment of a human 
leprosy nodule. 

8. Smear of subcutaneous tissue removed from lower part of the abdominal 
wall 5 months after inoculation showing leprosy bacilli. 

(e) Hamster 98 was inoculated with human leprosy bacilli on 25.10.3/ 
by the implantation into the abdominal wall of a nodule containing human 
leprosy bacilli from Hamster 34. 

9. Smear (8.12.38) of connective tissue (Hamster 98) from a point near site of 
implantation showing leprosy bacilli. A few bacilli were also found in the liver. 

HI. Passage of human leprosy bacilli through sarcoma of the hamster. 

(«) Hamster 224 was inoculated on 18.4.38 with a strain of sarcoma.^ 
Later the sarcoma which developed was inoculated with an emulsion of 
leprosy (human) bacilli. On 5.5.38 the animal which was moribund was 

•The sarcoma used was one which had been induced in^ hamsters by Professor 
Halberstaedter of the Cancer Laboratories of the Hebrew University, Jenisalem. He 
had found that this strain of sarcoma was readily passaged through hamsters in which it 
produced metastases. 
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killed, and a minute fragment of its sarcoma was inoculated to Hamster 239. 
This animal was sacrificed on 14.6.38 when leprosy bacilli were found 
in the sarcoma, in metastases in the mediastinum, left groin and various 
parts of the subcutaneous tissue. 

10. Smear of a metastasis of Hamster 239 showing a few clumps of leprosy 
bacilli. 

{b) Hamster 245 was inoculated on 11.5.38 with a minute fragment 
of a sarcoma from Hamster 176, which had been inoculated with sarcoma 
on 3.4.38, and with leprosy bacilli on 5.4.38. Hamster 245 died on 15.6.38.- 
Leprosy bacilli were found in the transplanted sarcoma and in metastases 
near the ovary and on the spinal cord. The presence of leprosy bacilli 
in the sarcoma appears to be an expression of their affinity for connective 
tissue. 

11. Smear of the sarcoma showing a few leprosy bacilli. 

Prof. S. Adler and 0. Theodor, Hebrew University, Jenisalem. 

Section of Phlehotomus papatasii 4 or 5 days after feeding on cultures of 
Leishmania cliagasi. 

Flagellates were seen to be present in the anterior part of the pharynx. 

Dr. H. A. Baylis, British Museum {Natural History), Department of Zoology. 

Taenia serialis (larval form, Coenitrus) causing torsion of the jaw in a wild 
rabbit. 

The head of a rabbit was shown, in which the presence of a cyst of this 
parasite in the masseter muscle seemed to have caused a lateral displacement 
of the lower jaw, with the result that the incisor teeth did not meet. Although 
the animal had managed to use its lower incisors sufficiently to keep them worn 
down, the upper incisors had overgrown until one of them had met the palate. 
The tongue was thereby displaced to the right side, and the animal was evidently 
unable to close its mouth. 

The adult of this cestode is a parasite of dogs. 

Lt.-Col. J. S. K. Boyd, Royal Army Medical College. 

The identification of types of Bacterium typhosum by means of Craigie’s 
Types I and II Vi phage. 

Plates were shown which demonstrated the action of Vi bacteriophage, 
and the method of identifying different types of B. typhosum by means of 
bacteriophages conditioned and diluted so that each reacted with strains of 
its own tj^pe but not with other types. The reaction of each of Craigie’s types 
was shown, and also a series of tests made with strains isolated from recent 
outbreaks of typhoid fever in this country. These showed that in an outbreak 
all cases are caused by the same type of organism. 

The method of selecting, for vaccine manufacture, suitable colonies contain- 
ing only Hrulent organisms was also demonstrated. 
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Major H. C. Brown and Dr. J. C. Broom, Wellcome Bureau of Scientific Research. 

An unexplained difference in two types of human red blood corpuscles based 
on the adhesion test. 

Washed red corpuscles of certain individuals adhere to sensitized trypano- 
somes in the presence of complement, whilst those of other individuals do not 
do so. This phenomenon is not correlated with any difference in 

1. Blood grouping. 

2. Blood sedimentation rate. 

3. Electric charge of the corpuscles. 

4. Wettability of the corpuscles. 

5. Lecithin content of the corpuscles. 

6. Salt stability. 

7. Precipitability by tannin of the corpuscles. 

8. Vital staining of the corpuscles. 

9. Dark field appearance of the corpuscles. 

This condition is met with both in pathological conditions and in normal 
individuals. 

Dr. J. C. Broom. 

Live Trypanosoma brucei in the salivary gland of Glossina tnorsitatis. 

The tsetse flies were hatched in England from pupae sent by Dr. J. F. 
Corson from Tanganyika. 

Prof. P. A. Buxton {on behalf of the London School of Hygiene and Tropical 

Medicine). 

Three original photomicrographic negatives on glass made by Timothy 
Lewis in or before 1878. 

The negatives illustrate : — 

1. “ Flagellated organisms in the blood of the rat” X 700. These are 
trypanosomes, presumably T. lewisi, from rats in Calcutta. 

2. “ Filar ia sanguinis-hominisfi anterior end of adult x25 (1 negative, 2 
positives). 

3. “ Spirilla in the blood of fever patients ” X 700. A remarkably clear 
photograph showing large numbers of Spirochaeta recurrentis in human blood. 

These negatives are those actually used to illustrate Timothy Lewis s 
report on “ The Microscopic Organisms found in the blood of man and animals 
and their relation to disease” (Appendix B, Idth Ann. Kept. Sanitary Commissioner 
with the Government of India, 1877, published in 1878). They appear on 
Plate III of that report, reproduced by the Autotype Company. Much of the 
substance of that report appeared in three papers in the Quart. J. Micros. Sci. 
(Vol. 19, n. s., pp. 109, 245 and 356, January to July, 1879), but this plate was 
not reproduced there. The plate may also be found in the In Memoriam 
volume of Physiological & Pathological Researches of T. R. Lezvis, published 
in 1888. 
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As it appeared that the material might have considerable historic interest, 
it was referred to the Royal Photographic Society, and examined by Mr. 
J. Pledge, Curator of the Museum of Kodak Limited. He reports that it is 
quite unusual to be able to locate the actual negatives which were the originals 
of illustrations published 60 years ago, so that the association of Lewis’s negatives 
and scientific paper is of interest. It is known that at even earlier dates, micro- 
photographs at high magnifications were successfully made. It seems probable 
that the present negatives were made by the collodion process, though gelatine 
dry plates were just coming into use at the time the work was done. 

Dr. G. M. Findlay, Miss E. Klieneberger, Dr. F. 0. MaeCallum and Dr. R. D. 

Mackenzie, Wellcome Bureauof Scientific Research and Lister Institute, London. 

Eperythrozoon in the blood of mice and its possible relationship to pleuro- 
pneumonia-like organisms. 

During studies of a pleuropneumonia-like organism (L5) which was isolated 
from the brains of mice suffering from peculiar nervous symptoms — rolling 
disease (cf. Findlay, Klieneberger, MacCallum and Mackenzie, 1938) — 
there were noted in smears from mouse brains stained by Giemsa’s method, 
small ring shaped structures, commas and dots. Further investigations have 
shown that an additional pleuropneumonia-like organism may also be isolated from 
mice. This second organism L6 differs in growth characteristics and sero- 
logically from L5 to which, however, it is related. It only very rarely causes frank 
rolling symptoms but like L5, when inoculated into the pads of mice, it may 
cause arthritic symptoms. In smears and sections of infected brains the same 
structures are seen as in association with L5. Since a pleuropneumonia-like 
organism LI has also been isolated from mice, it must be concluded that at 
least three varieties of this group of organism are found in mice. A full account 
of these organisms will be published in due course. The object of the present 
note is to draw attention to the fact that the morphology of the structures seen in 
mice infected with L5 and L6 is closely similar to that of the organism known as 
Eperythrozoon coccoides. This organism was first described by Schilling (1928) 
and Dinger (1928 and 1929) in the blood of splenectomized mice and is usually 
regarded as a protozoon. It appears in the blood of adult mice 1 to 5 days after 
splenectomy, increases in number for 4 to 7 days and finally almost entirely 
disappears from the peripheral blood stream. In twelve strains of mice, involving 
more than 78 animals examined after splenectomy, all have shown E. coccoides. 
Very young mice not more than 2 to 3 weeks old can be readily infected with 
E. coccoides without the removal of the spleen. Adult non-splenectomized mice 
cannot be thus infected. E. coccoides not only resembles morphologically the 
structures found in mouse brains infected with the pleuropneumonia-like 
organisms L5 and L6 but has similar staining reactions, since all are Gram- 
negative, stain readily by Giemsa’s method and give a positive reaction for 
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nucleic acid by the Feulgen technique. All attempts, however, to cultivate 
E. coccoides on artificial media have up to the present failed, while mice immune to 
L5 and L6 show E. coccoides in their blood on splenectomy. Further observations 
are being undertaken on the possible relationship between E. coccoides and pleuro- 
pneumonia-like organisms. 

References. 

Dinger, J. E. (1928). Ned. Tijdsclir. Geneesk, 82, 5903. 

. (1929). Zbl. Bakt. Abt, I. Orig., 113, 503. 

Findlay, G. M., Klieneberger, E., MacCallum, F, O. & Mackenzie, R. D. (1938). 
Lancet, 2, 1511. 

Schilling, V. (1928). Klin. Wschr., 23, 1853. 

Dr. H. M. Hanschell, Albert Dock Hospital, London. 

The Laughlen test for syphilis. Demonstrated by Mr, A, H. Walters. 

A method for carrying out this test by the use of pipette measured quantities 
of the reagents on a Garrow’s agglutinometer. 

Lt.-Col. S. P. James, Cambridge. 

Microfilariae in the blood of Java sparrows. 

Practically all imported Java sparrows bought from dealers in England are 
infected with Haemoproteus and in about 1 or 2 per cent, of the birds microfilariae 
can also be found in films of peripheral blood. Perhaps the earliest record was that 
of Anschutz* who found them in 1909, or earlier, in spleen smears from a Java 
sparrow during his study of “ Haemoproteus orizivorae^ 

*Ansch0tz. (1909). Zbl. Bakt. I Abt. Orig., 51, 654. 

Mr. B. Jobling, Wellcome Entomological Field Labor atones. 

A series of Petri dishes showing the different stages of sterilization of the 
eggs of Aedes aegypti and of two tubes with the live larvae bred under 
sterile conditions. 

The demonstrated technique is a modification of that of Tracer, t and 
in brief is as follows : — 

For the egg-laying the mosquitoes are provided in the evening with a Petri 
dish containing sterile distilled water. The following morning or a day after the 
oviposition, the eggs are transferred to OT per cent, solution of permanganate 
of potash for 20 to 30 minutes. After the solution of permanganate of potash, 
the eggs are washed in sterile distilled water, and then placed on small pieces 
of sterile filter paper in a sterile Petri dish where they are allowed to dry. Two 
days later, the pieces of filter paper with the attached eggs are ready for intro- 
duction into the culture medium. 

This medium consists of 0*5 per cent, of liver extract in distilled water, 
to which is added 1 per cent, of brewer’s yeast. It is autoclaved for 30 minutes 
at a pressure of 15 lbs, 

tTRAGER,W. (1935). Amcr.3.Hyg.,2,2,\S. 
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In the dry condition the sterilized eggs will remain alive for weeks and can be 
used when desired. 

Lt.-Col. Clayton lam, London. 

Further evidence for 

(1) emptying spirt as the mode of parturition which obtains in Wuchereria 
bancrofti ; 

(2) abundant destruction of this parasite’s young before they get into the 
blood. 

There were shown sections of a female worm with empty muscular vagina, 
with uterine stem containing many straightened embryos, with paired uterine 
branches cut three times showing that their wall progressively thinned and that 
they progressively contained straightened embryos, coiled embryos and segment- 
ing eggs. In the lymph node, at whose margin and partly within whose substance 
this mother worm lay, there were demonstrated in various sections clumps of 
microfilariae, of coiled embryos and of eggs. Macrophages lay about them. 
The presence of clumps of the younger stages is evidence for parturition by 
emptying spirt. Many of the microfilariae and of the coiled embryos and all of 
the eggs were in process of dissolution. 

Dr. P. Manson-Bahr and Dr. P. H. Martin, Hospital for Tropical Diseases and 

London School of Hygiene and Tropical Medicine. 

Microfilaria of Onchocerca volvulus in the skin, associated with eye symptoms 
from a recently discovered epidemic focus in Kenya. 

The specimens were obtained from a European Government Official in 
Kenya who probably contracted his infection at Kakamega. (This is the case 
reported by R. J. Harley-Mason.*) 

No skin lesions have been noted and search for the adult worms has been 
fruitless. The intradermal filarial skin test was strongly positive. The 
embryos were most easily demonstrated in the skin by applying hot fomentation 
(thermotaxis) and then removing a shaving by a Thiersch-graft razor. The 
embryos migrate within a few minutes out of the shavings which are placed in 
physiological saline at 37° C. Embryos can also be demonstrated in sections of 
the skin lying immediately beneath the epidermis at a depth of 0‘5 mm. 

The eye condition in this case has been studied for over 2 years. There 
is considerable interference with vision and photophobia. There is punctate 
keratitis at the level of Bowman’s membrane in the left eye where fine branching 
vessels are seen invading the cornea from the limbus forming a delicate pannus 
corresponding with the description given by HissETTEf . 

The eyes were examined daily for 12 days by the slit lamp and corneal 
microscope, but no movement of microfilariae was detected. 

•Harley-Mason, R. J. (1939). Filarial blinding in Kenya. E. Afr. vied.J., 15, II 
•(Hissette, j. (1938). Ocular onchocerciasis. Amer. J. trap. Med. Supplement, p. 64, 

Fig. 8. 
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Dr. F. Murgatroyd, Hospital for Tropical Diseases. 

I. Two cases of epilepsy due to cysticercosis undiagnosed for more than 

10 years. 

X-ray photographs showed calcified cysticerci in the muscles of two 
patients who had had epilepsy for more than 10 years without the true cause of 
their illness being recognized, although each had sought medical advice on 
many occasions and one had even had subcutaneous cysts twice removed without 
their nature being appreciated. One patient had previously served as a soldier 
in India and the other as a nurse in China. 

II. A long latent infection with Plasmodium ovale which first became manifest 

following inoculation against yellow fever. 

Immediately following vaccination at the Wellcome Research Institution 
the patient developed a severe febrile illness which he accepted for a fortnight 
as a reaction to the vaccine. At the end of this time, being seriously ill and 
jaundiced, he sought advice and was then found to be suffering from malaria 
due to P. ovale. He had returned from West Africa, where he must have acquired 
the infection, more than 8 months before and had never had any obvious attack 
even while abroad ; he took 5 grains quinine daily while in Africa and for some 
time after, but he had had no drug for at least 6 months before the present 
attack. Apart from the long incubation period the case is of interest because it 
illustrates the possible danger of accepting, without adequate investigation, 
every indisposition following yellow fever immunization as solely a reaction to 
the vaccination. 

III. . A case of kala-azar diagnosed by sternal puncture. 

Sternal puncture is a useful procedure in the diagnosis of kala-azar; 
it is free from the risks attached to splenic puncture and may be performed in the 
out-patient department or in the field without danger, 

IV. Depression of agglutination litres associated with the administration of 

M. & B. 693 in a case of undulant fever. 

The aggultination titres of a case of abortus fever treated with M. & Ik 693 
underwent progressive depression which was not clearly correlated with relapse 
or with cure. Before treatment, the titres were against B. abortus 1/1,200 and 
B. melitensis 1/800. Two weeks after treatment, the temperature having become 
normal, they were respectively 1/1,100 and 1/150. A week after this a febrile 
relapse occurred and the titres were then 1/120 and 1/25 only. O’his relapse 
appeared to respond within a few days to a further course of M. & B. 693 and the 
patient subsequently remained apyrexial and appeared cured. The litres 
remained low and 7 weeks after the relapse were 1 /dO and less than 1 /25 
respectively. Thomson* has reported two cases of abortus fever in which 


^Thomson, A. P. (1938). Treatment of Brucella abortus 
prontosil. Brit. mcd. J., 2, 884. 


infeed'on v/ith foiindm and 
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the specific agglutinins declined to negligible titres after prontosil. Attention is 
drawn to the phenomenon, firstly because its mechanism and significance are 
not clear; and secondly, since sulphanilamide drugs tend to be given indis- 
criminately to cases of pyrexia, it may be that such treatment given early 
where the titre was low, might cause a further depression or inhibit any rise 
so rendering difficult subsequent diagnosis by agglutination. 

Mr. C. G. Pope, Wellcome Physiological Research Laboratories. 

Demonstration of a pH meter with simple circuits for glass electrode work. 

A new form of apparatus* was shown with a spiral form of glass electrode. 
With this apparatus the pH of biological materials is easily and rapidly 
determined. 

*Now made by Unicam Instruments, Cambridge. 

Lt.-Col. H. E. Shortt, I.M.S., and Dr. I. W. MacKiehan, London School of 
Hygiene and Tropical Medicine. 

I. Two cases of so-called malarial infantilism from Madras Province, India. 
The photographs showed two cases from one village in a hyperendemic 

area. 

The girl, 3 feet 8 inches high, was aged 16 but appeared to be about 7 to 8 
years old. She was mentally quite bright and physically active. 

The man, 4 feet 6 inches high, was aged 26 but appeared to be about 
12 years old. He was somewhat sluggish both mentally and physically. 

In both the spleen extended below the umbilicus. Malarial parasites were 
not found and the only excuse for calling them “ malarial ” infantilism was the 
enlarged spleen and the fact that they lived in a very heavily infected village. 
No helminth infection was apparent. 

II. Sections of liver, spleen and bone marrow from a chicken infected with 
Plasmodium galUnaceiim CBrumpt). 

The sections were cut at l/x in thickness and showed very large numbers of 
exo-erythrocytic schizonts. 

Dr. C. M. Wenyon, Wellcome Bureau of Scieritific Research. 

Various preparations illustrating the method of reproduction of species of 
Toxoplasma. 

Reproduction is invariably by binary fission and when appearances of 
schizogony occur this is due to masses of parasites being so pressed together 
in preparation of smears that the individuality of each parasite is lost. 
Similar appearances occur sometimes in smears of organs infected with 
leishmania. As schizogony does not occur in the case of toxoplasmas the 
exoerythrocytic schizonts of bird malarial parasites cannot have any connection 
with these parasites. 
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CERTAIN ASPECTS OF TRYPANOSOMIASIS IN SOME AFRICAN 

DEPENDENCIES. 

BY 

H. M. O. LESTER, Pii.D., B.Sc., M.R.C.S., L.R.C.P., 

Deputy Director, Sleeping Sickness Sewice, Nigeria. 


Introduction. 

In partially developed African dependencies, producers of raw materials, 
wealth and general well-being depend upon population. A disease such as 
sleeping sickness, which decreases the population or interferes with the general 
level of efficiency, may be a serious economic problem. In British territory 
the medical budget is usually about one-tenth of the total expenditure, and 
this proportion can hardly be increased. With limited stall and funds and with 
other epidemic diseases, such as malaria, schistosomiasis, ankylostomiasis, 
smallpox etc., to be dealt with the economic side of the question becomes of 
paramount importance. 

This point is stressed, as there is sometimes a tendency for the occurrence 
of a few cases of sleeping sickness to be regarded as a calamity. Provided that 
there is adequate contact between the medical staff and general population to 
ensure that large increases in the amounts of the disease do not go unnoticed 
there is no fear of such wholesale epidemics and dcpojmlation as occurred in 
the past. Treatment is now fairly elTcctivc: mass treatment alone will 
reduce an epidemic to reasonable proportions. Constant vigilance k ncacr.rnrv ' 
but fear of possible fresh disastcr.s should not lead to the imposition of unriml 
sarily severe and irksome restrictions. 
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The writer was unable to see much difference between the characteristics 
of the disease on the two sides of Africa, the rhodesiense areas being, of course, 
excepted. The proportion of severe nervous cases in Uganda, the Congo and 
the Sudan does not appear to be any higher than in Nigeria. At present the 
disease is fairly mild, though isolated patches of more virulent infection occur. 
In untreated cases the majority of deaths would be due to lowered general 
resistance and intercurrent infection. 

Measures for the control of sleeping sickness ought not to interfere with 
general development, but should foster it as much as possible. There is always 
a danger that restriction and settlement of population in unsuitable areas might 
cause such soil impoverishment and erosion that vastly more damage might be 
done through poor nutrition and famine than could have been caused by sleeping 
sickness. The nutritional aspect is particularly important in East Africa, where 
in many localities the general level of nutrition is not high. 

Before discussing problems in the various territories, one fundamental 
difference between the populations of East and West Africa should be mentioned. 
In Nigeria people live in towns, villages and hamlets. A close contact between 
man and tsetse may cause a high infection rate in a village ; but such a com- 
munity is comparatively easy to protect. In East Africa the majority live in 
family groups on their farms. The danger of any one infected fly biting large 
numbers of people is much less and infection rates are correspondingly lower ; 
but the scattered nature of the population makes protective measures more 
difficult. 


Tanganyika Territory. 

The greater part of the country is infested with tsetse. This is of prime 
importance in hindering development. In some areas the advance of tsetse is 
causing actual retrogression. At the present time sleeping sickness is not a serious 
problem. The population of the infected areas has been concentrated into special 
settlements: as a result only 168 cases were found in 1937. Cattle trypanoso- 
miasis is the important factor. The fly-free areas are already over-populated 
and over-stocked. Soil impoverishment and erosion are serious and are increas- 
ing. They will continue to do so unless further spread of tsetse is prevented 
and new areas are reclaimed. 

SLEEPING SICKNESS MEASURES. 

Sleeping sickness in Tanganyika is a virulent disease, and is difficult to cure. 
Involvement of the central nervous system is rapid and trypanosomes have a 
high natural resistance to tryparsamide and similar arsenicals. Dr. H. FairbaiRN, 
Sleeping Sickness Officer, informed the writer that he considers cure is certain 
only if a patient can be treated within 4 weeks of onset. If the disease 
has continued 4 to 6 weeks, cure is doubtful, and after that almost hopeless. 
Case mortality among Africans has been about 85 per cent. 
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The amounts of the disease have been small, compared with Nigerian 
standards. In 1929, the peak year, there were 3,262 cases. Of these 3,111 were 
in Western Province. Severe epidemics have been confined to this province, 
though a few hundred cases have occurred in other parts of the territory. 
Treatment at sleeping sickness dispensaries, together with concentration of 
population, where necessary, have been the methods of control. 

The greater part of Western Province is covered with miomho, which is 
Isoberlinia, Bracystegia and Combretu7n woodland. This is interspersed with 
patches of hard pan, low lying open spaces, swampy during the rains, but 
drying up during the dry season. The mioinbo is infested with Glossina morsitans. 
In East Afriea this species inhabits the general woodland, and is most dense at 
the edges of the open patches, where it can see food. Riverine thicket is unsuit- 
able. Farms were scattered through the bush. The people have no real system 
of land tenure, and move at the slightest provocation. Clearings made by their 
farms were usually too small to keep back G. morsitans. As a result they were 
exposed constantly to the attack of tsetse. 

The principle of sleeping sickness concentration is to move the population 
into an area of suitable land sufficient for farming requirements. But it should 
be small enough for cultivation and cutting of fuel to clear all the bush within 
the settlement, in a short time, and to keep it clear. In practice this has proved 
difficult. People cleared as little as possible. Often they are ready to risk 
starvation rather than to do too much work. In some of the earlier concentrations 
the allowance of arable land was made small enough to ensure rapid clearing ; 
but this caused overcrowding and subsequent discontent through land hunger 
and soil exhaustion. The present system is to allow about 8 acres of land per 
family, with about S acres additional for expansion. More land is always available 
if required. The total of 16 acres is ample for shifting cultivation, as a family 
usually farms about 3J acres at a time. The rapid clearing of the bush, to make 
the settlements fly-free, is done by communal labour. Adult males do about 
6 weeks communal clearing each dry season. The land cleared is available for 
occupation as needed by individual farmers. 


Where possible, sleeping sickness settlements are planned to contain at 
least a thousand families. The preliminary work is done by “ Agricultural 
Surveyors ” under the direction of the Sleeping Sickness Officer. In choosing 
new land the presence of adequate water supplies, the suitability of the soil for 
agriculture and the relation to existing road systems have to be considered 
The final site is selected by the District Officer and the Chiefs in council The 
Paramount Chief parcels out the land among the sub-chiefs, who allocate it to 
individual farmers. The Administration do not attempt to control the allocation 
ot land, the matter being regulated entirely by native custom. The peonfe -re 
assisted with the transport of their food supplies and household aoo£ JrJ ^ J 
issued with any seed they may require. They are exempt from tax th- 
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Exact figures are not available but it appears that 160,000 to 200,000 
people are now living in sleeping sickness concentrations. The policy has been 
a great success as a sleeping sickness measure ; though not much has been done 
to foster general development. The Medical Department is still responsible for 
settlements made 13 years ago. In some areas ground-nuts and rice have been 
introduced. An attempt is being made to persuade people to grow more crops. 
The Missions have put in schools. Indian traders have been attracted, thus 
providing a ready market for produce and bringing trade goods and cheap cloth 
into the neighbourhood. 

The removal of a scattered population into a series of new settlements, each 
containing 4,000 or so inhabitants, should have afforded an opportunity for 
improving farming methods and living conditions. It seems that up to the 
present there has been no fixed policy of rural development. There is still no 
comprehensive sleeping sickness ordinance to make the legal position clear. It 
appears to the writer that the Agricultural Department and the Administration 
have not taken sufficient part. Even after 13 years little is being done to improve 
farming methods in the settlements. The Agricultural Department has no 
proper demonstration farm in any of them. Once a concentration has been made 
the Medical Department ought not to be responsible for maintenance and 
development. It would help if an Administrative Officer were placed in charge 
of the settlements to carry out an agreed policy. The Medical, Agricultural, 
Tsetse Research and Veterinary Departments would give the assistance and 
advice required ; but the final responsibility should rest with the Administration. 

THE ADVANCE OF TSETSE. 

Undoubtedly the advance of tsetse is a very real thing in certain parts of 
the country, notably in the Mkalama and Sangida districts of Central Province. 
However, the writer came to the conclusion, after 2 months in the Territory, 
that there has been a good deal of exaggeration about this danger in other areas. 
There is no evidence of the spread of G. viorsitans in Western Province. In 
fact lately this fly has become very scanty in large tracts of country, which 
formerly were heavily infested. It is probable that in most places G. morsitans 
has already occupied all the miombo suitable. During the last few years it has 
become much reduced in numbers. The decrease may be associated with a 
diminution in game, or it may have been caused by a succession of unfavourable 
years, climatically. It is probable that, at the moment, the fly is at the bottom 
of a cycle. A succession of favourable years would lead to an increase in 
numbers ; but the decrease in game may prevent full recovery. Observations 
at Shinyanga, the Tsetse Research Department’s headquarters, show that lately 
there has been a similar decrease in G. swynnertoni, in the neighbourhood. On 
the other hand the Veterinary Department has been having trouble through the 
advance of G. pallidipes at their headquarters at Mpwapwa. 
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The advance in the Sangida and Mkalama districts of Central Province is 
serious. The congestion and overstocking of the fly-free central zone is increas- 
ing. Already the damage done by soil erosion is almost unbelievable, and is 
becoming worse. Tsetse fly is advancing in four directions, all converging on 
the central. area. G. morsitans is spreading in a westerly and south-westerly 
direction, from the Kondoa belt, to the east of the district. It is also advancing 
from the south-west, up the eastern side of the Wembere Steppe, and in a 
northerly direction from the Hiku belt, in the south. G. swynnertoni is advancing 
in a southerly and westerly direction from a belt originally to the north-east. 

SwYNNERTON foresaw the danger of these advances. At his suggestion 
barrier clearings were started in 1927 to try to stop the main G. morsitans spread 
from the south-west and from the south-east. At that stage fly had to pass through 
a narrow gap between the Itigi thicket and Wembere Steppe, and it should have 
been easy to stop it. Through misunderstandings and lack of sufficient labour 
the project was abandoned in 1928. 

In 1932 an outbreak of sleeping sickness occurred in the northern part of 
Mkalama. The Medical Department moved the population from the infected 
area. A barrier clearing was started to try to prevent the further spread of 
G. swynnertoni southwards. In 1934, at a conference of representatives of the 
various departments concerned, it was decided to demarcate a hexagon of 
1,600 square miles in the Sangida district. A barrier clearing 2 miles wide was 
to be cut round the boundary ; 154,000 people were to be concentrated in the 
hexagon. Of these five-sixths were already living inside the area. It was thought 
that if all adult males did 10 days communal clearing a year, the hexagon could 
be made safe within 8 years. The boundary lines were marked out, but by then 
G. morsitans had crossed the eastern side. This was altered and a new boundary 
clearing was made along the base of the Rift Wall. HoAvever, the fly crossed 
these barriers before they could be completed. Swynnerton estimated that 
2,000 square miles had been lost in the 7 years 1929-1936. 

In 1936 the idea of barrier clearings was abandoned. It had been realized 
that the hexagon plan was unsound, as much of the soil inside, the proposed area 
was already heavily eroded through overstocking and overpopulation. As more 
fertile soil was available outside, it would be preferable to move pcoj>lc out of 
the congested area, rather than to concentrate still more people inside it. 

The present policy is one of island settlements. Each dry season extensive 
block clearings are being made by communal labour. People arc to be encouraged 
to move into the land cleared, either as part of the old barrier clearings, or 
specifically for new settlements. Unfortunately, at present there is no proper 
legal power to control the movement of population into these areas. Nor is there 
any real settlement policy. Unless anti-erosion measures and relational grazing 
are enforced from the start the position in the new settlemenls will rapidly become 
as bad as that in the fly-free central zone. Already there are signs of incinient 
erosion in some of the clearings. 
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The advance of fly is really a cattle problem. The scattered population at 
the edge of a fly belt is not sufliciently numerous for their farming activities to 
drive back tsetse. The local people own cattle, and will not leave them. A few 
cattle become infected and die of trypanosomiasis, and so the people move. 
The bush grows up on their farms and the fly occupy the area abandoned. 

TSETSE RESEARCH. 

The Tsetse Research Department is an independent unit, having no con- 
nection with the Medical and Veterinary Departments. It is largely flnanced 
by the Colonial Development Fund. The main line of research is concerned 
with the effect of Are exclusion on G. morsitans and G. swynnertoni. Various 
subsidiary lines are being followed, but these, though interesting and helpful, 
appear less likely to yield dramatic results. 

Normally the bush is burnt each year, during the latter half of the dry 
season. It has been found that when annual burning is stopped the fly population 
decreases. It is noteworthy that this effect starts at the end of the first dry 
season as soon as fire is excluded. The numbers of fly fail to increase in the 
normal way at the start of the rains. Results obtained so far seem promising ; 
though in many experiments the effect of fire exclusion has been masked by a 
succession of unfavourable years, 1935-1938, which caused a big decrease in the 
fly population of the control blocks. 

Investigations are being made to discover how fire exclusion acts on the 
fly population. It is uncertain at the moment whether the decrease is due to 
hunger, through poor visibility or movements of game, or to an increase of small 
ants or other pupal predators, or to increases in soil or atmospheric humidity. 
It may be due to a combination of such causes or to an unknown factor. 

Before fire exclusion can have any practical application a number of questions 
have to be answered. It is not yet known how many years of fire protection 
would be required during a normal or favourable cycle of years, to bring the fly 
population down to nil or negligible figures. When such a condition has been 
obtained, would the odd flies that survive increase sufficiently to repopulate 
the area once fire protection had been stopped ? At this stage it is uncertain 
whether the progressive decrease in tsetse is due to an increasing change in the 
bush or to a cumulative effect on the fly population. It would be interesting 
to know whether, after several years’ protection, a fresh tsetse population would 
decrease more rapidly by continued fire exclusion than it would in a newly 
protected area. Fire exclusion and the resultant thickening of bush might easily 
cause an increase of other species of tsetse. This point will have to be investi- 
gated. 

There is sometimes a tendency to lose sight of the fact that, but for the 
tr}'panosomes the)' carry, tsetse fly are no more important than stomoxys. What 
is needed in Tanganyika is a means of preventing the advance of tsetse and an 
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eisj ard chear inetdod cF reclainatioii* to be used when needed. There would 
be Irttle pornt hi eradtcathi'p tsetse from thousands or sapaare miles of uninhabited 
'ess this \v-a$ i-v-anted for man or cattle. Fire exclusion may pro'vide 


count 


Trr'l, 


chean mea 


LS of reclamation from G. !ncrsztcns and G. srvyn-.'rertortL If not, 
some other method must be found. 

It has been pointed out that in Tanganyika the tsetse problem is ready a 
catde cne. Sleeping: sickness is under control and is now almost negligible. 
Cattle are an important cause of soil erosion and are indirectly responsible for 
the snread of tsetse. Tsetse research, anti-erosion measures and control of 

j.. 

graring all need stair and funds. These ought to be obtained from the cattle 
idustTv" and not from outside sources. In Vfest Africa there is a cattle tax which 


> be ds. a beast 


per a 


; it mav be lon-er now. In Toncon-vika there 


ore AOijCcCTO to o.OijO.OOO cattle, which are doing untold damage to the sod, 
os they ore concentrated in relatively small parts of the country. They ought 
to pay for the damage chev do. A cattle assess of Is. a beast would bring in 
CdOO.OCO or more per annum. At present many tribes use cattle as currenc}- 
for the payment of dovTies for Vv-h-es. Chiefs keep “ locust cattle to add to 
their onm importance. The v.-riter was told of a man with 1,900 head of cattle 
wno paid only 10s. a year poll tax. 

The adwantaces of a cattle assess are obvious. Not only would funds be 
provided for sod. and grazing control and for tsetse research, but the indimdual 
firmer owning a few head of cattle would be encouraged to use his beasts for 
milk, manure etc. The fact that he had to find a few extra shillings each year 
for tax wmuld make him plant more economic crops, which the country needs 
ba<ilv. The larger ovmers vmuld sell on their scrub-buds and useless stock for 
meat. The total number of cattle would be reduced by the elimination of unpro- 
ducth-e animals and so there would be less overcrowding and consequent sod 
erosion. Funds would be awadable to encourage settlement at the edges of fij- 
belts and to pay compensation for cattle djung there of trypanosomiasis- Once 
compensation had been paid people could be prevented from retreating in front 
of the £y, and the advance would be stopped automaticady. 




L'GATCDA. 

In Uganda sleeping sickness is carried by G. pclpal-is. The local 
to the disease is coloured by the terrible Lake Mctoria epidemic. Th: 
disco-i-ered by missionaries in 1900, Its cause was unknown: and as 
no treatment it spread with great rapiditi.' and caused whoIesaTe 
purmg the years 1905-1914 the death rate must have beeu rerr ffo-^r m-g. 
mtabitonts of the Burunia Islands numbered 56,000 in 1910. bur had de"-=^^ 
to 13 jjOO £n, 1007. The total population of the infected dfrtdcts fril 
to rOO.OC'L In the end the epidemic was stopped tw !W’-r-T-f-rr -v - f'-' 

rrcrr the iOAe inhere :inc tne islards. 
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Twenty years ago a milder epidemic occurred in the Madi district of the 
Albert Nile. Later this spread to the West Nile district, where it is still endemic. 
At the time of the Madi epidemic the whole population was evacuated from the 
right bank of the Albert Nile and from many miles inland. The tribes near the 
river were moved to the west bank while those further inland went further 
east. These movements of population were done by Administrative Orders, 
given under the Sleeping Sickness Ordinances of 1913 and 1928. People were 
allowed some choice of site, but were given no assistance in moving. At that 
time no attempt was made to improve living conditions. 

Sleeping sickness is still endemic in West Nile : 728 cases occurred in 1937 
and about 600 in 1938. As the disease is of a mild type a few hundred cases 
among a big population are almost negligible. The fear is that it might spread 
to Lake Victoria and other parts of Uganda, which are at present free from 
infection. A New Sleeping Sickness Ordinance was enacted in 1935, giving 
comprehensive powers. Regular inspection and treatment are compulsorj'' in 
sleeping siclmess areas. The movement of individuals is controlled by a pass 
system in “ infected areas.” Except in special circumstances po one is allowed 
to enter the depopulated ” restricted areas.” Where necessary, communal 
labour can be called out for protective clearing. 

In West Nile 1 14,657 people are examined every three months in the area 
in which cases are occurring. A further 33,200 people are examined half yearly 
in adjacent regions free from infection. The inspections are carried out by a 
medical officer or African assistant medical officer, one or more nursing orderlies 
and two or three gland palpators. Some 1,000 to 1,500 people are seen a day. 
Those with obviously enlarged cervical glands are first sorted out. From these, 
suspicious cases are selected, people with soft glands for which no obvious cause 
can be found. Such glands are punctured and the fresh gland juice examined. 
About 1 to 2 per cent, of the population are considered suspicious. As 10 to 
20 per cent, of the population have enlarged cervical glands due to one cause or 
another, and many cases of sleeping sickness have atypical glands, this is rather 
a rough and ready method. Cases must be missed ; but in the circumstances, 
the trouble and expense of a more accurate examination would not be justified. 
The present system does catch the obvious case, and would lead to the discovery 
of any marked increase or spread of the disease. Similar inspections are carried 
out in Gulu district on the other side of the Nile, where occasional cases are 
found. Patients diagnosed at these routine inspections are treated at injection 
centres at the various sub-chiefs’ headquarters. 

No one can enter or leave an “ infected area ” without a pass, issued by a 
chief and countersigned by a gland palpator. Gland posts are sited at strategic 
points on the boundaries of the area. An applicant has to be examined at a 
post and certified free from sleeping sickness. Some of the ” examiners ” 
cannot use a microscope. If they find suspicious cases they have to send them 
to a neighbouring dispensary for examination. It is doubtful whether more 
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than a proportion of the infected cases wishing to leave a district would be 
diagnosed and stopped at the gland posts. However, the system does stop 
unauthorized movement ; in fact it tends to discourage travelling of any kind. 
No labour for the rest of Uganda can be recruited in the infected area. 

The districts which were evacuated because of past epidemics have been 
gazetted as “ restricted areas.” None can enter them without the written 
permission of the District Officer. This restriction is a serious matter and is 
not always economically sound. In the neighbourhood of Lake Edward and 
Lake George, the restricted area extends for a mile from the lake shores and a 
mile from all streams. Near Bwera, on the Congo border, it stretches for 5 miles 
from the lake shore. The larger part is open grass land, which has a high 
agricultural value. New villages have sprung up and native tracks radiate in 
" every direction. In the writer’s opinion these restrictions are too extensive and 
should be reconsidered. 

Much of the fertile valley of the Nile is being kept closed unnecessarily. 
Hundreds of square miles on the right side of the Albert Nile are restricted, 
although there would be no great risk of sleeping sickness. Moreover, this land 
is badly needed by the people. The writer was inforned by the Administration 
of West Nile that some of the people who had been moved there from the other 
side are now in a parlous state. The soil is becoming exhausted and constant 
precautions have to be taken against famine. The people who were moved 
further east went to areas which were considerably less fertile than their own 
country. They too are very anxious to get back. 

The policy of the Uganda Medical Department is one of controlled resettle- 
ment. The restricted areas are to be opened up gradually. Every effort is to 
be made to make them safe from sleeping sickness. At the same time steps are 
to be taken to ensure a general improvement of living conditions. 

The Anarka area of Gulu district was one of the first to be derestricted. It 
was opened in 1936 ; 10,000 to 15,000 people have now moved back. The 
Medical Department insisted on the provision of proper roads, good rest houses, 
and protective clearings at all road crossings. The building of houses with 
adequate ventilation, etc., was encouraged. An Assistant District Officer Avas in 
charge of the resettlement. He controlled the movement of population and 
supervised the protective work. Unfortunately the Agricultural Department 
was not consulted. As a result people were allowed to build their houses too 
close together, which made their farms too small. The agricultural aspect of 
new settlements is of fundamental importance. Doubtless, in future schemes, 
the Agricultural and other technical Departments will be asked to play their 
part in securing the maximum improvement and development. 

KLnya. 

The shore and islands of Lake Victoria in Nyanza Province are infested with 
G. palpalis. The inhabitants were removed at the time of the 1905 epidemic. 



20 


SLEEPING SICKNESS. 


There is now some urge to return. At present there is very little sleeping 
sickness, two or three dozen cases a year being found in South Kavirondo. The 
problem is primarily an economic one. The fertile zone of the lake shore cannot 
be utilized for fear of causing an epidemic of sleeping sickness. The Province 
as a whole is very densely populated with marked land hunger in some localities. 
In parts of Central Kavirondo this density of population exceeds 1,100 per 
square mile. 

Interesting experimental work has been carried out by Symes, the Kenya 
Medical Entomologist. This has been financed partly from the Colonial Develop- 
ment Fund and partly from local Native Administration funds. At Kaniadoto, 
in South Kavirondo, about 14 miles of heavily infested bush along the Kuja 
river have been made practically free from G. palpalis. The method consisted 
of hand catching the adult flies in blocks of bush along the streams, after the 
blocks had been isolated by clearing. The clearings had to be about 1,000 yards 
wide, to prevent fly coming in to repopulate the blocks, once the numbers had 
been reduced by hand catching. The riverine bush was comparatively wide 
and dense. Symes estimated that it would have cost ;{^250 a mile to clear hy 
paid labour ; whereas by his method the fly was eliminated from a mile of bush 
at a cost of £40. This included the cost of cutting the clearings, the paths used 
by the fly-boys in catching, and the salaries of staff. Some 6 miles of country 
are now being settled. 

The advantages of this method are obvious. There is no interference with 
the forest itself and so useful trees and bush are not lost. It is not yet known 
whether the density can be made so low by hand catching that repopulation will 
not take place. Symes has found a decrease in the percentage of impregnated 
females which seems to support this view. As the percentage of soft flies was 
not estimated, it is uncertain how many of the non-impregnated flies were 
young ones. Maintenance gangs of fly-boys will be necessar)'^ to visit the blocks 
occasionally to see that the fly is not increasing. Symes believes that two or 
three visits a month would be sufficient. In four blocks in which numbers 
had been reduced until only an occasional fly could be caught, regular catching 
was stopped. After 2 years there has been no sign of any increase except on 
one occasion when an isolated focus of fly was discovered. This was believed 
to have originated from fresh fly brought in by elephant. 

A similar experiment was tried on the lake shore. The part of the coast-line 
selected consisted of a series of bays and headlands. The bays contained good 
fertile land, the headlands being rocky. The original plan was to make the 
intermediate clearings in the bays, the palpalis bush being comparatively narrow 
there. The fly was to be eliminated from the thickl)^ covered headlands by hand 
catching. The people and the Administration were delighted with the clearings 
and insisted on immediate settlement. As a result the clearings were made wider 
and wider until most of the funds were exhausted. As they were not so interested 
in the reduction of fly in the rocky headland blocks the hand catching was stopped 
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before numbers had been reduced to a maintenance level ; 2,000 people have 
settled in the clearings. They have not been allowed to farm within 200 yards 
of the bush which is still heavily infested. 

Symes has shown that hand catching can be an effective and economical 
means of attack against G. palpalis. The method will be of value in places where 
sleeping sickness is sufficiently serious to justify the expense involved or where 
the presence of fly is hindering development. It will only be possible where fly 
is confined to thicket along streams and their tributaries or to lake shores. In 
some parts of Africa there are innumerable patches of G. palpalis infested thicket 
between the streams. In such localities the application of the “ block ” system 
would be difficult if not impossible. 

The Sudan. 

G. palpalis is present only in the southern districts of Equatoria Province. 
The remainder of the country is too hot and dry. Thus there is no chance of 
sleeping sickness spreading further north. Apparently the disease appeared for 
the first time about 1912. In 1918 some 331 cases were diagnosed. At that 
time the country was under military control and the Royal Army Medical 
Corps took energetic steps to deal with the problem. All cases diagnosed were 
isolated in sleeping sickness settlements. The general population, which had 
previously been scattered through the bush, was moved and sited along the 
roads. Where possible new roads were built to cross the streams at right 
angles. These measures were effective and prevented the disease becoming 
epidemic. The peak year was 1923, when some 855 cases were treated. The 
neighbouring districts of French Equatorial Africa, where nothing was done, are 
now depopulated through sleeping sickness. 

It is this settlement along the roads which has been most effective in con- 
trolling the disease. It acted in two ways. The fly-man contact was stopped 
or greatly reduced. It caused increased accessibility both for Administration 
nnd for regular medical inspections. By 1929 the total number of cases had 
fallen to 18. It looked then as if the disease could be eliminated altogether. 
This did not prove possible, in spite of every effort. The soil close to the roads 
became increasingly exhausted. Farms extended further and further back and 
nearer to the fly-infested streams. As a result the fly-man contact increased, 
and there was a corresponding increase in the disease. 

The present position is difficult. Myers, the Economic Botanist, in a 
provisional report on land utilization and agricultural development, has pointed 
out that the restriction of the population along the roads limits both the quantity 
and quality of land available. Since, as far as possible, the roads run along the 
Watersheds there is an increased risk of erosion. In Kagi-Kaji district this 
concentration is affecting the population seriously. Myers considers that the soil 
is already very impoverished and food crops arc less sufficient each year. The 
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danger of serious erosion is increasing. Altogether about 225,000 people are 
affected by this ribbon settlement. All this seems a high price to pay to prevent 
possible increases in a mild type of sleeping sickness. In 1938 there were only 
105 cases, an infection rate of 0-05 per cent. Even in the peak year it did not 
reach 1 per cent. 

The portion of the population, from which cases might be e.xpected, is being 
examined four times a year. Formerly these people were examined each month 
and all cases found were isolated. The technique of examination is much the 
same as that in Uganda. Some cases must be missed ; but the majority will 
be found and missed cases may be diagnosed at subsequent examinations. In 
some instances prophylactic injections of Bajmr 205 have been given. 

Protective clearings are made at all crossings and these undoubtedly help 
to limit infection. Symes’s “ block method ” of hand-catching is being tried in 
Tembura and Kagi-Kaji Districts. At the end of 1937 Symes visited the Southern 
Sudan and helped to start the work on the right lines. At Sources Yubu in 
Tembura District, 25 miles of the Yubu River with its tributaries have been 
divided into three blocks by clearings. A staff of two African sanitary overseers, 
eight head fly-boys and 100 fly-boys is doing the hand catching. Their work is 
supervised by the Medical Inspector Sources Yubu. Paths have been cut along 
almost 200 miles of stream. In 1938 the total cost, including tools and Sudanese 
staff, was about ;£300. This was only possible owing to the cheapness of local 
Zande labour. Fly-boys’ wages are 2s. a month. Fly is now extremely scanty. 
Catchesin Februar}’’, 1939, were T6, T5 and 0-6 per boy week in the three blocks 
— almost negligible figures. 

The fly bush along these streams is dense although it is not very wide. It 
contains much good timber. Clearing would be costly and would entail the 
destruction of valuable gallery forest. The hand-catching s 3 ^stem here seems 
very promising. It should be continued and extended. It would be worth while 
employing whole-time European supervision. It seems to afford- the one chance 
of making the more dangerous areas tsetse-free, and so of allowing the people 
to return to their old homes without risk of increasing sleeping sickness. 

Nigeria. 

TRE.ATMENT. 

During the last 7 years some 300,000 cases of sleeping sickness have been 
treated. The s)’^stem has been to do one or more mass sun'e)''s in a district, 
treating all the cases found. Special dispensaries have then been put in to 
treat relapsed cases and fresh infections. In much of the Northern Provinces, 
infection rates of 5 to 25 per cent, were discovered. It was soon realized that 
any attempt at constant re-examination of the population, as is done in other 
parts of Africa, would be impossible. The cost would be prohibitive. Also the 
people themselves, partieularly those in the Muslim Emirates, would not submit 



willingly to such, a procedure. Constantly repeated surveys among such people 
would need a degree of compulsion foreign to Nigerian ideas of administration. 
Even the primitive people of the Southern Sudan dislike these constant re- 
examinations and ask when they are to be stopped. 

Recent work has shown that mass treatment followed by the establishment 
of sleeping sickness dispensaries has reduced the infection rate to between a 
quarter and a tenth of the old figure. The protective campaign should reduce 
the infection rate still further. There can be little hope of eradicating the 
disease altogether. In the Sudan wholesale movement of population, constant 
inspections and protective clearing have failed to do this in a comparatively 
small area. It is felt that when dealing with a mild type of disease any infection 
rate of 1 per cent, or less is of little importance. It would not be economical to 
try to reduce it further. It can be argued that constant re-examinations have a 
special value, as they lead to the discover!' of any spread of the disease. However, 
similar information can be obtained from the dispensaries. Any sudden increase 
in the attendance of sleeping sickness patients at a dispensary would lead to 
immediate investigation. 

PROTECTIVE CLEARING. 

In the northern half of the country the main vector is G. tachinouies. Pro- 
tective clearing against this species is comparatively simple. Owing to the 
general aridity the fly is dependent on water and thicket. It is unable to cross 
quite narrow clearings. Under the Forced Labour Regulations the adult male 
population can be called out to clear all streams within a mile of their habitations 
and watering places. They can also be required to clear any road crossings 
within the limits of the land occupied by their village, and to clean annually any 
clearing made either bv paid or coramimal labour within their boundaries. 
European Control Officers have been appointed to supervise this work. They 
are being assisted bv trained African headmen. The cost of supervision and of 
the European tools issued to the people are the main expense. 

Such clearing is purely a defensive measure. At the suggestion of Nash a 
system of attack is being tried. During the dry' season most of the smaller 
tributor!' streams diy' up. G. tachinoides is driven into the denser thicket near 
permanent water in the larger rivers. If barrier clearings are made at a sufficient 
distance from the main streams, the peripheral fly would be cut off from the 
permanent foci. They would then be killed by the extreme climatic conditions 
at the end of the diy' season. During the rains fly from the main rivers would be 
imable to cross the barrier clearings to repopulate the tributaries. Any permanent 
pools in the smaller streams might have to be cleared, to prevent residual fly 
repopulating the area in the wet season. Experiments with hand-catching will 
be tried in such circumstances. 

The problem of G. palpalis is much more difficult. The areas of fly-infested 
bush are too extensive for protective clearing to be easy, even if done by unpaid 
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labour. Fortunately, in the majority of such country the disease is mild. The 
mass treatment and dispensary system has reduced the incidence to reasonable 
proportions. For the time being further measures are not required. Later 
some protective clearing may be necessary. Symes’s “ block ” method would 
be tried out in any places possible. 

CONCENTRATION OF POPULATION. 

The movement and concentration of population should be the last resource. 
In Tanganyika such measures have been successful and have given opportunities 
for development ; though full use has not been made of them up to the present. 
In Uganda and the Sudan the restriction of population has hindered development 
and will have to be reconsidered. There has not been space in this paper to 
discuss problems in the Belgian Congo. It can be said, however, that the 
attempt to control sleeping sickness by moving the population to roads, sufficiently 
high up to be safe from G. palpalis, has not been a success. In many instances 
the new sites were unsuitable : there was often little or no water : the soil was 
poor and unfit for growing the riverine crops used by the people. The change 
in climate caused respiratory and other troubles. In some cases the move was 
effective in controlling sleeping sickness. In others the people had official 
houses near the roads, but spent most of the time in the valleys, where they had 
secret houses. The real trouble was that adequate investigations of the new 
sites were not made beforehand, and there was little or no planning. The policy 
has now been modified : people are moved to sites similar to those to which they 
have been accustomed : preliminary investigations are made and new roads are 
built if necessary: proper account is being taken of tribal units. 

In Nigeria people are being moved only when the damage done by the disease 
is serious enough to warrant such an extreme measure. The population is being 
made sufficiently dense, and sited in such a manner that the area can be kept 
fly-free by communal labour. Paid labour is employed for the initial elearing, 
to make the settlements safe. It is essential that communities should have 
plenty of land for all their needs and for future expansion. Their requirements 
are being studied by a special team of workers assisted by the Agricultural and 
other Departments. People are being helped to build model compounds, and 
villages are being laid out properly. The object is to secure the maximum of 
improvement and development in the new settlements and to try to make them 
demonstrations for the rest of the country. 

Summary. 

Although epidemic sleeping sickness may cause serious depopulation, 
the occurrence of a few cases should not be regarded as a calamity. Provided 
that there is adequate contact beUveen the medical staff and general population 
there is no fear of such wholesale devastation as occurred formerly. Mass treat- 
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ment of itself will reduce an epidemic to reasonable proportions. Constant 
vigilance is necessary, but fear of fresh disasters should not lead to unnecessarily 
severe and irksome restrictions. 

At present the disease is fairly mild, though patches of virulent infection 
occur. The proportion of severe nervous cases in Uganda, the Congo and the 
Sudan is not much higher than in Nigeria. Control measures should not 
interfere with general development. The restriction and settlement of popula- 
tion in unsuitable areas might cause more damage through poor nutrition and 
famine than sleeping sickness would have done. 

Most of Tanganyika Territory is infested with tsetse. Sleeping sickness 
is no longer serious as the population of infected areas has been concentrated 
in special settlements. There were only 168 cases in 1937. Cattle trypano- 
somiasis is the important problem. The fly-free areas are over-populated and 
overstocked. Soil impoverishment and erosion are increasing, and will continue 
to do so unless spread of tsetse is stopped and new areas reclaimed. A cattle 
assess on the four to five million cattle there would provide funds for soil and 
grazing control for tsetse research. A cheap and easy method of reclamation, 
to be used when required, is essential. 

In Uganda and the Sudan sleeping sickness is under control. T le 
populations of the old epidemic areas have been moved to less dangerous regions. 
They are inspected regularly and cases treated. In both countries the restriction 
of population is causing overcrowding and soil impoverishment. It is hindering 
development and will have to be reconsidered. 

In Nigeria the disease is being controlled by mass treatment and the esta 
lishment of dispensaries, protective clearing by communal labour, and, as a ast 
resource, the movement and concentration of population ; 300,000 cases have 
been treated in the last 7 years. In many of the main epidemic areas the infection 
rate is now a tenth of the old figure. In moving population the object is to secure 
the maximum improvement and development and to try to make the new sett e 
ments demonstrations for the rest of the country. People are being le pe o 
build model compounds, and villages are being laid out properly. 


Discussion. 

Dr. A. J. R. O’Brien : I do not by any means pose as an authority 
subject. I can assure you Dr. Lester is an authority. He as een .‘ 

of all this work in Nigeria for nearly 10 years now, has a great ea o . 

and is getting down to what is really the, most important aspect o P rrmch 
that is, the economic side of it — how much should be spent an i j. 

should be done to control this disease — because, as you a iipqith 

diseases in the tropics that have to be dealt with. Money is imite an 
of the people has to be considered as a whole. Now t le con ro 'a fn'ca. 

somiasis from the human point of view is really a big pro em m 
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How long it has been a big problem I think is doubtful — I think we did not 
look for it so very much in the past, especiall}’- in some districts. In East Africa, 
human trypanosomiasis is a problem that has almost been solved and now ceases 
to worry the Administrations. The methods that have been taken to solve it 
have been various and I will say something about them in a few minutes. 
Maclean in Tanganyika Territory was in charge of the sleeping sickness 
campaign for many years and, through careful observations when dealing with 
the problem, came to the conclusion that in an area where the population was 
either under 10 per square mile or over 60 per square mile there was no sleeping 
sickness. A population beUveen 10 and 60 per square mile proved the ideal 
population of the spread for sleeping sickness : that is when conditions obtained 
for maximum contact between fly and man. This observation led Maclean 
to try his experiments in the concentration of population. The area of con- 
centration has gradually been enlarged and to-day we can say that sleeping 
sickness in human beings has almost disappeared in Tanganyika. But in 
Nigeria and other West African Colonies the problem is different. Before 
the days of Pax Britattnica there was little sleeping sickness in these territories, 
because the people lived in fairly large towns and villages, built walls round 
them and cultivated the land in the immediate vicinity where tsetse could not 
exist. But when Pax Britannica came the people began to desert the towns 
and go into the country where tsetse were common. Contact between fly and 
man was established with the consequent spread of the disease. Dr. Lester 
has published many papers on this subject, and tells us that there is a population 
of twelve million people in Nigeria that may possibly become infected from the 
disease unless control methods are successful. In East Africa the problem 
is different altogether. There are few towns and villages there and those that 
exist have been built since Europeans took control ; e.g., Dar-es-Salaam and 
Tanga ; 99 per cent, of the people live in rural areas and each man seems to 
avoid his neighbour. He has his house surrounded by a small farm and his 
neighbour is a hundred yards away also on his farm. Ideal conditions thus 
obtain for the spread of sleeping sickness if tsetse exist in the area. 

Trj'panosomiasis in Tanganyika started as a palpalis infection along the 
Lake shore, and the people deserted the Lake shore because of the disease as 
they do in man)’- places in Africa. I hope Dr. Lester will correct me if I am 
wrong — but I believe that the chief cause of the depopulation that has occurred 
is not a high death rate but the fact that the people have realized that the disease 
is there and have deserted the place. They retired from the Lake shore into a 
viorsitaiis countr)', and morsitans became infective both to men and to their cattle. 
The natives did not care very much hoAV many of themselves died, but they did 
begrudge the death of their cattle and so they retired further eastwards ; the 
fly followed them and drove the man and his cattle further back. Until recently 
the fly was winning the battle, but now with the aid of science there is reason 
to hope that the fly will be conquered. If one travels by air over a country 
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like Tanganyika or Northern Rhodesia, one passes over hundreds of miles of 
niorsitans and swyiinertoni country which is uninhabited by either man or cattle. 
Whether the tsetse in these areas is infective or not I do not know. Another 
point to which I want to draw attention is that in East Africa there are three 
groups of workers engaged with the problem : (1) the group dealing with 
human trypanosomiasis ; (2) the tsetse research people concerned with the 
destruction of tsetse, and thinking only of tsetse and proposing to render vast 
areas of land free of fly ; and (3) the veterinary people occupied Avith the 
cattle. It seems to me that the work of the three groups should be correlated 
and directed by a team of experts with knowledge of the bionomics of the fly, 
and of trypanosomiasis in cattle and in man. East Africa is a country where 
there are large numbers of cattle : in West Africa, even in Northern Nigeria, 
there are nothing like the numbers of cattle that there are in East Africa. 
In East Africa the cattle are not fully used : a man keeps cattle to buy a wife ; 
to show his wealth ; if he has any money he buys more cattle regardless of his 

needs. It is like a savings bank. He rarely uses the milk and, as Dr. Lester 

says, soil erosion is caused by the concentration of cattle into areas free from fly. 
One has to see it to realize what this erosion means, but it is a very serious 
problem. 

Dr. Lester has been rather severe in his criticism of the concentration 
of population in Tanganyika. He is quite right in what he says, but in Nigeria 
they are going to adopt this same measure and settle 70,000 people in a corridor 
near Zaria. They have benefited from experience and have had the wisdom 
to obtain the advice of agricultural, veterinary and political officers. Model 
villages will be established with model water supplies ; mixed farming will 
be introduced and the people are to be encouraged to grow economic crops 
in addition to the best food crops. They have had the advantage of seeing 
what happened in Tanganyika. Maclean was the man who first tackled 

the problem there. The people, living on their farms in morsita7is countr}% 

were dying of the disease ; he could not get at them easily for mass treatment, 
and realized that the only thing to do was to collect them in concentration areas. 
He started this in a small way and now the concentration areas extend for over 
250 miles. There are over 250,000 people in the area and sleeping sickness 
has ceased to be a danger to them. He was the man who persuaded the con- 
servative natives to leave the bush and go and live in the concentration areas. 
At first he worked alone. Now that it is a proved success there are few natives 
left in the morsitans bush in this particular area ; they have all come into the 
corridor, and the political, agricultural and veterinary officers arc co-operating. 
The people will gradually obtain cattle but only in sufficient numbers for them 
to use. They will not be permitted to collect hordes of cattle, but will be 
allowed so many cattle on so much land, provided there is adequate clearing 
and that the cattle will be properly used — c.g., that the milk will be used and the 
surplus cattle used as food. I agree with Dr. Lester that more might have been 
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done but the problem was acute and it was not then realised how much mal- 
nutrition affected the health of the people. This is a serious aspect of the question. 
In the concentration area the people have to provide so many days’ labour each 
year to extend the area, by cutting back the forests, so that the cleared area is 
extending year by year. I have myself been in the area and talked to a great 
many people there. I found it was only the old men who wished to go back 
into the forest. The young people wanted to stay where they were, ha\dng 
acquired a desire for better things. I was told the reason why the old men 
wished to go back to the forest was, they admitted, that in the old days they 
could commit a murder or two and the authorities knew nothing about it ; but 
that could not happen now. One other point to which I would like to draw 
attention is the various methods of clearing adopted to prevent the breeding of 
fly. These should always be carefully considered with the advice of an expert 
entomologist, due regard being given to maintenance as well as to initial costs. 
Much money has in the past been wasted in this direction. Symes in Kenya 
and Nash in Nigeria have worked out schemes for clearing which can be adapted 
to local needs. 

Man in some cases may be a cause of the spread of the disease. Thus 
in the mining areas of the Gold Coast which have been cleared of forest, con- 
ditions are created which are ideal for the breeding of tachinoides and the possible 
introduction of sleeping sickness. 

Professor R. M. Gordon: Dr. Lester’s paper is particularly interesting 
because he has made use of his great knowledge and experience of trypano- 
somiasis and the tsetse fly to cover not only West Africa but East Africa. Dr. 
O’Brien has told us that he does not claim to be an expert and I certainly cannot 
do so either. My experience of trypanosomiasis is limited to some 14 years 
in Sierra Leone and short visits to Nigeria and the Gambia. 

There were three points in the paper that particularly interested me. 
Dr. Lester stated that it was his belief that where there was adequate contact 
between the Medical Department and the general public there was no risk of an 
epidemic of trypanosomiasis such as has occurred in the past. I am sure that is 
true but I think he might have laid considerably more emphasis on the importance 
of this contact, or shall I say vigilance, always being maintained. He did not 
refer to the Gambia or to Sierra Leone, quite naturally, since in the past the 
problem of trypanosomiasis has not arisen there. But if one looks at the figures 
for the Gambia, as published in the Annual Medical and Sanitar}' Reports of 
that Colon)'^, one will see up to 1930 figures such as eighteen cases of trypano- 
somiasis and five deaths, and so on. But from 1930 onwards there is a steady 
increase in the number of cases reported until in the year 1937, which is the last 
report that I have seen, the figure quoted is 2,025 cases of trypanosomiasis 
diagnosed either by gland puncture or blood examination. I think we have 
here a case in which tr}'panosomiasis has increased to what I might call an 
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alarming extent in a comparatively short space of time. Recent information 
suggests that an increase of trypanosomiasis may have occurred in Sierra 
Leone as it certainly has in the French territory immediately beyond its border. 

The second point was referred to by both Dr. Lester and Dr. O’Brien. 
It is the great need of co-operation between the veterinary, medieal and 
agricultural departments in the Colonies, and I think you will all agree that is most 
essential. An instance in my own experience was that in 1922 in Sierra Leone, 
a peninsula of land known as the Cape Peninsula, was heavily infested with 
G. palpalis, and Professor Blacklock, in conjunction with the then Conservator 
of Lands and Forests, Mr. Dawe, agreed that after the bush had been cleared 
it should be planted. They introduced a grass locally called efwatakala grass 
(jP. minutis), and this grass was planted in the cleared areas. Professor Davey 
and I made a survey of this area 10 years later when for 5 years no attempt had 
been made to watch over the clearing or attend to it in any way. The grass had 
grown rapidly, had spread a long way from where it had been originally planted, 
and what was more impressive, the natives were extremely keen to graze their 
cattle on it. They said it was the best cattle fodder in the district. In addition 
it appeared to have strangled the growth of other vegetation. The survey 
we conducted completely failed to reveal tsetse breeding in the area, although 
immediately adjacent to it we found them. My last point is one on which 
I wish to get information from Dr. Lester and concerns the Symes’s block 
method. It is obvious from what we have read of Symes’s work and from Dr. 
Lester’s remarks that it has, at any rate in certain places, proved highly successful. 
Dr. O’Brien seemed to have some doubts about its complete success, when he 
referred to the absolute necessity, if the Symes’s block system was used, that it 
should commence with the beginning of the stream and continue throughout 
its length. In his paper Dr. Lester refers to certain places in West Africa 
where there are innumerable thickets densely infested with G. palpalis lying 
between streams, and he said that in these circumstances Symes’s block method 
would not be applicable. As I have already remarked, my experience is limited 
largely to Sierra Leone where, however, in many parts palpalis breeds in 
exactly these conditions. I would like to ask Dr. Lester why he thinks Symes’s 
block method is not applicable under such conditions and whether he agrees with 
Dr, O’Brien that it- is essential to have the blocks extending from the ver}' 
beginning of the stream ? 

Dr. J. B. Davey : I can only speak particularly of the East Coast, and especi- 
ally of G. morsitans. From what we have heard to-night it seems that if epidemics 
have been stayed it has been at the expense of abandoning land to the tsetse fly 
and apparently deserting it for good. For several years a large and c.xpensivc 
research department has been maintained, and it is true they have cleared a few 
square miles : but meanwhile the tsetse fly has been gaining in other directions 
and to a verj* large extent, so that a deplorable position has been reached. It 
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may be that we are contracting the area available for human habitation, 
and that the tsetse fly is spreading and gaining the upper hand, because even if 
sleeping sickness is controlled the economic position of the natives living in the 
morsitans area is very low. They cannot keep any cattle and their crops are 
constantly subject to marauding by wild animals. So far we do not seem to 
have arrived at any way of dealing effectively with G. morsitans. Some 20 years 
ago a Royal Society Commission suggested that the game should be destroyed 
in G. morsitans areas and put this very forcibly. There is no fact more certain, 
I think, than that there is close association between game and Glossina 
morsitans and its near relations such as swynnertoni. But the instinct of pre- 
servation is extremely strong amongst us. There are people who cannot bear 
to see a tree cut down, and people to whom any idea of destroying game is 
anathema. But it is not necessary to destroy game. Tears have been brought 
to our eyes by pictures of the last hippopotamus or last rhinoceros dying for the 
lack of a companion on the banks of the Rufiji because of the devastation going on 
amongst big game, but this is nonsense ; during the time I was in Tanganyika 
game was undoubtedly increasing rapidly, and what else could be expected ? 
There were seven or eight large game preserves in which no shooting was 
permitted, and outside the game preserves when you purchased a ^^25 or ^^50 
licence you were restricted to two, four or six of this or that. The game could not 
help increasing and reports from District Officers of the widespread destruction 
of native crops were by no means infrequent. I remember on one occasion the 
the game from one of these preserves invaded a wheat growing area and it was 
even suggested that the King’s African Rifles should be called out to shoot 
them down. I should like to ask Dr. Lester what the position is now } I 
think it has been known from the time of Livingstone that there was an intimate 
connection bet^veen G. morsitans and wild game, and even if we acquit the wild 
game of harbouring human trypanosomiasis we cannot acquit it of being the 
main food supply of G. morsitans. Another point about game : I think anyone 
who has had much experience of game knows that they are extraordinarily quick 
to detect when they are protected and when not. I have lived in a game reserve. 
You could not actually go out and stroke the animals but it has been necessary 
at the local rifle range to suspend shooting while a herd of buffalo walked in 
leisurely manner between the people and the butts. On the other hand, if game 
is shot at and persecuted it rapidly withdraws to inaccessible places. If the 
natives were allowed to hunt the game around their villages they would drive 
away the game and the tsetse fly. The game would not be exterminated but it 
might be driven, and with it the tsetse fly, to places unsuitable for human 
habitation. At the present time it occupies a large portion of land where cattle 
and human beings could live in comfort. 

Dr. C. C. Chesterman : What does Dr. Lester mean by the statement 
that untreated cases of tr}’’panosomiasis die of intercurrent infection ? Is it 



DISCUSSION. 


81 


his opinion that some sunave sleeping sickness ? That is contrar}'- to the 
experience of most of us. My experience is mainly confined to palpalis areas, 
and there we realise that game has but little part to play in the problem and there 
are generally ver}' few cattle to be considered. The question of the game-man 
contact has no importance to speak of, and the problem of the control of the 
fly has I think been abandoned in most parts of the Belgian Congo, except the 
attempt at control at selected spots where people cross rivers, or bathe, or draw 
water. Does Dr. Lester consider that hand-catching has replaced the various 
modifications of the Harris trap ? It seems easier in palpalis areas to control 
man than fly or game, and I agree that onerous restrictions on the people should 
as far as possible be avoided. It causes social unrest when waterways are 
closed and people taken a long way from hunting and fishing grounds, and 
when women have to go a long way for firewood. The solution lies in the 
increasing of facilities for medical examination and treatment, and when there 
is a roaming population it seems possible to have native boys, gland palpators, 
following the people round and examining them regularly at interv’-als of 3 or 4 
months. If in addition fixed treatment centres are available, it is possible to keep 
any area almost free. Personally, I do not think the figure of 1 per cent, is safe, 
I think it is is possible to get it down rather lower. It was possible in my 
experience to reduce the incidence of the disease var}dng from 1 to 30 per cent, 
to 0-4 per thousand in S )’-ears’ work in an area of about 5,000 square miles. 

I associate myself with the tribute paid to Dr. Maclean. 

When discussing the Tanganyika problem with him some 14 years ago, 

I made the suggestion to Sir Donald C.ameron that there would be no solution 
till the map of Tanganyika was divided, one area being given over to fly and game 
and the other to man and cattle. If people living on the edge of the fly areas 
could be persuaded to keep goats, which are I believe immune to tr}'^panosomiasis, 
they might act as a useful buffer state in the war for li\4ng-space. 

Mr. LI. E. W. Bevan : I have been profoundly interested in Dr. Lester’s 
ver}' comprehensive report and sun'ey of East and West Africa, but I wish 
he had included Southern Rhodesia, Northern Rhodesia, Nyasaland, Portu- 
guese East Africa and parts of the Union of South Africa where the problem 
is present. I myself have been associated for 33 years with the study of trr^pano- 
somiasis in the laborator}- and in the field in Southern Rhodesia, and I can assure 
you that it is a matter of considerable importance to some parts of Africa which 
have not been included in Dr. Lester’s sur\'ey. 

1 am particularly interested in what Dr. Lester tells us about the success 
of chemotherapy in relation to tr}^panosomiasis : I feel that in that direction 
we mav find the solution of many of our difficulties. When we remember that 
the late Mr. Swynnerton told us in his great work that 4i million square miles 
of Africa are infested by the tsetse fly, when we remember that the recent Report 
of the League of Nations states that over one million natives are treated for 
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sleeping sickness every year ; and when we remember that there must be a far 
larger number of natives in Central Africa who are suffering from this disease 
but are hidden away in the bush, not detected and never treated, then we must 
realise what an important problem it is. I attach more importance to 
chemotherapy than I do to all the schemes against the tsetse fly. How is it going 
to be possible to swat the last fly in such a vast area ? Mr. Swynnerton himself 
has told us that entomologists can only claim success for their measures when the 
last pair of tsetse flies have been destroyed, and I ask how are )fou going to destroy 
the last pair of tsetse flies in 4i million square miles of Central Africa ? We 
veterinarians attach much importance to the protection and immunization of our 
subjects from many diseases which have defied administrative control ; and I 
believe it is in that way, by immunizing and protecting that we shall eventually 
be able to control trypanosomiasis among men and animals. This needs further 
research. I think we congratulate ourselves rather unduly on the great progress 
made in the study of trypanosomiasis since the days when Sir David Bruce 
in 1895 and 1896, showed the part played by trypanosomiasis in Zululand. 
In view of the figures I have quoted from the League of Nations Report I think 
that perhaps progress has been unduly slow ; but that is not due to any defect 
or lack of enthusiasm among workers in the field. Many of them have devoted 
their time and substance to these problems ; many of them, as we know, have 
laid down their lives in the study. I feel that our slow progress is largely due 
to the apathy and parsimony of the Governments concerned : though 
Governments are responsible for the development of the areas under their control, 
and the well-being and welfare of the inhabitants of those areas, yet very 
little is done in some territories to help the people. Dr. Lester has been fortunate 
in that he has received a grant from the Colonial Development Fund. Others 
have received it, Mr. Swynnerton was one ; yet in his work he laments the fact 
that he has not been able to provide adequate accommodation for his field 
workers. In Southern Rhodesia, an effort has been made by Government to 
to control the tsetse fly. During recent years £100,000 has been spent in the 
endeavour to control the fly by the destruction of game, and hundreds of 
thousands of game have been destroyed. The entomologist claims that he has 
been successful, but as Dr. Lester points out in his paper, there has been in 
various areas of Africa a natural recession of the flies. Most of the money spent 
by the Government of Southern Rhodesia has been spent in this way in an 
attempt to control the fly through the game, and very little has been spent on 
research in other directions. In my own case I could only return to continue 
my work thanks to the consideration of the Beit Trustees, and perhaps largely 
due to the fact that I could spend my own private money to keep myself going. 
Nevertheless Southern Rhodesia has made an effort to deal with the problem 
whereas adjoining territories have not. There is a most appalling apathy in 
adjoining territories, and Southern Rhodesia is in constant danger of being 
re-invaded from the North and East. Southern Rhodesia has done fairly well 
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in this direction largely on account of independent effort. The antimony treat- 
ment of cattle originated in Southern Rhodesia in 1909; the so-called “trypano- 
somiasis rhodesiense ” was first described in Southern Rhodesia; we have found 
out the all-importance of endemic foci and the all-importance of “ carriers.” 
In Southern Rhodesia we have made a determined effort to immunize animals 
on a large scale by means of chemotherapy ; and as the result of recent work 
I can say with some confidence that it may be possible to set up a sterile immunity 
as distinct from a tolerance in animals. Nevertheless our efforts are not regarded 
as worthy of support from the Colonial Development Fund. Recently when I 
came home I was deputed by Mr. Huggins,- both a medical man and Prime 
Minister of Southern Rhodesia, to visit the Dominions Office and enquire 
whether Southern Rhodesia could not obtain some further assistance to carry 
out research in trypanosomiasis for herself and in collaboration with Northern 
Rhodesia and Nyasaland. We were told this was impossible. Very little 
original research is going on in Southern Rhodesia in connection with trypano- 
somiasis, and the Trypanosomiasis Bureau and Committee which we formed there 
and which, at one time, was a very live body, consisting of the finest scientists 
that we could find to help us, has now I think become defunct. To my mind 
that is a retrograde step. We have, as Swynnerton has told us, this enormous 
area of Central Africa rendered useless for beneficial occupation and develop- 
ment and we have the many unfortunate natives dying of sleeping sickness. 
We have cattle and other domestic animals depleted by these diseases ; and 
yet we find the medical and veterinary staffs of these colonies, at first enthusiastic, 
becoming discouraged and at last more or less inert. “ It is hard to kick against 
the pricks.” Therefore, I would appeal to this Society to place before the 
Government the urgent necessity for greater generosity and greater foresight 
in this matter with particular reference to the support and encouragement of field 
workers. . 

Dr. Lester (in reply) : I should like to say first that having visited 
Tanganyika and these other countries, I was tremendously impressed with the 
work that has been done, particularly with the work of Maclean. There seems 
to be some suggestion . that I, criticized rather harshly some of the work in 
Tangan 5 dka, but I certainly did. not mean to criticize Maclean’s work'. I 
had access to all the files.' I had 2 months in the country and saw that many' 
of the things I have been criticizing and the . suggestions I have made' have 
appeared in the files, over Maclean’s signature. He has seen this need for 
co-operation. He has foreseen the need for development, and it has not been 
his fault that there has not been more progress in that way. I think the work 
of the Medical Department in Tanganyika has suffered at times from the lack of 
a fixed policy from Central Government. Various plans have been put fonvard 
bv the Technical Departments but nothing has happened. I do not think 
Maclean can be blamed in. any way. Ever^’^body must admit that he has done 
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sleeping sickness every year ; and when we remember that there must be a far 
larger number of natives in Central Africa who are suffering from this disease 
but are hidden away in the bush, not detected and never treated, then we must 
realise what an important problem it is. I attach more importance to 
chemotherapy than I do to all the schemes against the tsetse fly. How is it going 
to be possible to swat the last fly in such a vast area ? Mr. Swynnerton himself 
has told us that entomologists can only claim success for their measures when the 
last pair of tsetse flies have been destroyed, and I ask how are you going to destroy 
the last pair of tsetse flies in 4-J- million square miles of Central Africa ? We 
veterinarians attach much importance to the protection and immunization of our 
subjects from many diseases which have defied administrative control ; and I 
believe it is in that way, by immunizing and protecting that we shall eventually 
be able to control trypanosomiasis among men and animals. This needs further 
research. I think we congratulate ourselves rather unduly on the great progress 
made in the study of trypanosomiasis since the days when Sir David Bruce 
in 1895 and 1896, showed the part played by trypanosomiasis in Zululand. 
In view of the figures I have quoted from the League of Nations Report I think 
that perhaps progress has been unduly slow ; but that is not due to any defect 
or lack of enthusiasm among workers in the field. Many of them have devoted 
their time and substance to these problems ; many of them, as we know, have 
laid down their lives in the study. I feel that our slow progress is largely due 
to the apathy and parsimony of the Governments concerned : though 
Governments are responsible for the development of the areas under their control, 
and the well-being and welfare of the inhabitants of those areas, yet very 
little is done in some territories to help the people. Dr. Lester has been fortunate 
in that he has received a grant from the Colonial Development Fund. Others 
have received it, Mr. Swynnerton was one ; yet in his work he laments the fact 
that he has not been able to provide adequate accommodation for his field 
workers. In Southern Rhodesia, an effort has been made by Government to 
to control the tsetse fly. During recent years £100,000 has been spent in the 
endeavour to control the fly by the destruction of game, and hundreds of 
thousands of game have been destroyed. The entomologist claims that he has 
been successful, but as Dr. Lester points out in his paper, there has been in 
various areas of Africa a natural recession of the flies. Most of the money spent 
by the Government of Southern Rhodesia has been spent in this way in an 
attempt to control the fly through the game, and very little has been spent on 
research in other directions. In my own case I could only return to continue 
my work thanks to the consideration of the Beit Trustees, and perhaps largely 
due to the fact that I could spend my own private money to keep myself going. 
Nevertheless Southern Rhodesia has made an effort to deal with the problem 
whereas adjoining territories have not. There is a most appalling apathy in 
adjoining territories, and Southern Rhodesia is in constant danger of being 
re-invaded from the North and East. Southern Rhodesia has done fairly well 
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in this direction largely on account of independent effort. The antimony treat- 
ment of cattle originated in Southern Rhodesia in 1909; the so-called “trypano- 
somiasis rhodesiense ” was first described in Southern Rhodesia; we have found 
out the all-importance of endemic foci and the all-importance of “ carriers.” 
In Southern Rhodesia we have made a determined effort to immunize animals 
on a large scale by means of chemotherapy ; and as the result of recent work 
I can say with some confidence that it may be possible to set up a sterile immunity 
as distinct from a tolerance in animals. Nevertheless our efforts are not regarded 
as worthy of support from the Colonial Development Fund. Recently when I 
came home I was deputed by Mr. Huggins, 'both a medical man and Prime 
Minister of Southern Rhodesia, to visit the Dominions Office and enquire 
whether Southern Rhodesia could not obtain some further assistance to carry 
out research in trypanosomiasis for herself and in collaboration with Northern 
Rhodesia and Nyasaland. We were told this was impossible. Very little 
original research is going on in Southern Rhodesia in connection with trypano- 
somiasis, and the Trypanosomiasis Bureau and Committee which we formed there 
and which, at one time, was a very live body, consisting of the finest scientists 
that we could find to help us, has now I think become defunct. To my mind 
that is a retrograde step. We have, as Swynnerton has told us, this enormous 
area of Central Africa rendered useless for beneficial occupation and develop- 
ment and we have the many unfortunate natives dying of sleeping sickness. 
We have cattle and other domestic animals depleted by these diseases ; and 
yet we find the medical and veterinary staffs of these colonies, at first enthusiastic, 
becoming discouraged and at last more or less inert. “ It is hard to kick against 
the pricks,” Therefore, I would appeal to this Society to place before the 
Government the urgent necessity for greater generosity and greater foresight 
in this matter with particular reference to the support and encouragement of field 
workers. 

Dr. Lester (in reply) ; I should like to say first that having visited 
Tanganyika and these other countries, I was tremendously impressed -with the 
work that has been done, particularly with the work of Maclean. There seems 
to be some suggestion . that I .criticized rather harshly some of the work in 
Tanganyika, but I certainly did. not mean to ■ criticize Maclean’s work'. I 
had access to all the files.’ I had 2 months in the country and saw that many’ 
of the things I have been criticizing and the . suggestions I have • made' have 
appeared in the files , over Maclean’s signature. He has seen this need for 
co-operation. He has foreseen the need for development, and it has not been 
his fault that there has not been more progress in that way. I think the work 
of the Medical Department in Tanganyika has suffered at times from the lack of 
a fixed policy from Central Government. Various plans have been put for^v.yd 
by the Technical Departments but nothing has happened. I do not think 
Maclean can be blamed in. any way. Ever}^body must admit that he has done 
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work of extreme importance. The whole idea of concentrating population as a 
measure against mojsitans originated with Maclean. 

Dr. O’Brien also mentioned Svmes’s work. As I have suggested in the paper, 
there are difficulties in the way of applying his system generally. I do not 
altogether think that it can be done only at the sources of streams. Provided 
you can put in a block of clearings to cut off fly from re-entering your free area, 
it does not matter whether it is at the start of the stream, half-way down or at 
the mouth. But it is much easier at the source of the stream, because the 
bush starts there and there is going to be no chance of fly coming in from one side. 
You have only one clearing instead of two. It is a question of cost, but similar 
work can be done further down. 

Professor Gordon asked why I suggested that the method was difficult 
if not impracticable in areas where you have great masses of thicket in between 
streams. Again I was thinking of expense. The cost of these thousand yards 
wide clearings is very considerable. Symes worked in Kenya. He had to make 
such clearings and about ^3,000 was spent on 14 miles of stream. If you had to 
make a clearing all the way round in order to isolate your block from the 
possibility of fresh fly coming in, the cost would be prohibitive. In much of the 
middle part of Nigeria, in order to apply this method you would have to split up 
the whole country into squares, giving a draughtboard effect. For this mass 
of clearing, if done by paid labour, the cost would be absolutely prohibitive. 

Another point has been mentioned, that is the need for contact between the 
general medical staff and the native population in spotting tr}fpanosomiasis. 
Of course, there are two sides to that. Unquestionably in Nigeria and elsewhere 
you have long standing disease which has not been recognized. We ourselves 
know that in certain parts of the country we have a history of people — ^you 
can see them there — ^who recognize the disease and have had it 15 years or more 
but it has been spotted only recently. You see cases with scars on the neck 
due to cutting out of enlarged cervical glands. In some parts of the country 
that was their method of dealing with sleeping sickness. We see people who 
have had that operation done 15 years ago and are comparatively healthy, 
having had no other treatment. 

Now the spread of this disease in Nigeria, as Dr. O’Brien pointed out, 
has been largely caused by the Pax Britatmica. The people moved out of their 
walled towns in order to get better land. They now live in scattered hamlets 
and small villages and there is much more fly-man contact. Besides that you 
have the effect of building roads and railways, and mining, with the consequent 
rapid movement of labour. Casual labour has gone into a place where there 
was a severe focus of infection, the men worked there a short time, became infected 
and had then gone elsewhere taking the disease with them. The greater part of 
the country is infested. We have reached a position where an enormous area 
in the centre is infected with sleeping sickness and the periphery, where there 
is more tsetse fly, is at the moment free of infection. Infection has not reached 
there yet and we hope it never will. 
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The planting of grass has been mentioned. I have not had any experience 
in the use of grass as an anti-tsetse measure. Certainly in tachiiioides country 
grass has no effect of any kind. In palpalis country they have planted grass in 
some places : they have had some evil smelling grass with the idea of driving 
back tsetse — it drives back man. In some parts of Africa it is necessary to plant 
short grass, because in palpalis country you have a fairly mild climate, and the 
fly is not badly hit by clearing. Elephant grass and other long grasses spring 
up, these will harbour palpalis to some extent. One of the troubles of clearing 
in such country is that unless they keep the elephant grass down they still have 
palpalis. They plant short, creeping grass which strangles the tall grasses. 
This is helpful and the grass is extremely good fodder. 

Dr. Davey mentioned the question of game. It is a very controversial 
subject. One thing I ought to say concerning Tanganyika is that in the sleeping 
sickness concentrations people are allowed to kill game. In most places where 
you get any concentration of population the game is very scanty. Shooting 
anywhere near sleeping sickness settlements is most difficult — because there is no 
game. It has all gone. In Tanganyika I do not think there is any question of 
an increase in game causing this spread of trypanosomiasis. Certainly in a game 
reserve you have game increasing but the Government policy in Uganda, 
Kenya and I think Tanganyika is that game reserves should be more or less 
depopulated, and that there should be proper control at the periphery. If the 
game at the periphery is controlled, stopped from spreading, and encroaching 
on farm land, the question does not arise. I cannot see the use of attempting to 
eradicate fly at this stage from thousands of miles of uninhabited countr}\ In 
Tanganyika there is a population of five million people and it is not increasing 
very much. Certain parts of the country are over-populated and over-stocked, 
and that is partly due to trypanosomiasis of cattle. But it is also due to East 
Coast fever and helminth infections. Cattle will not do well in Tanganyika 
unless the grass is eaten right down — until the whole country is bare. Wher- 
ever you get good, rich, luscious grass and decent-looking countr}’-, cattle die of 
one disease or another. That is one of the difficulties. 

Dr. Chesterman has mentioned another matter, to my mind of extreme 
importance ; that is the question of the virulence of sleeping sickness. In 
certain areas undoubtedly you get a type of disease which follows the text book 
story. But my experience of West Africa, and what I saw in 6 months’ touring 
in East Africa, have led me to regard the text book story as representing a state of 
things which only happens occasionally. I have mentioned that we have places 
where people have kept on 15 years or more with infection and are still alive. 
When we started the system of sur\'eying we found people showing some signs of 
disease — slight toxic symptoms, headache, a little fever and so on. Wc said, 

“ These are early cases.” ’We did the next district and found that 9o per cent, 
of them were again early cases. We went on and found this consistently. 
Alany cases attending the hospitals and dispensaries had severe involvement 
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long each animal remained infected, a difficult matter in the case of chronic 
infections. All the sheep seemed to remain infected until they died, apparently 
of trypanosomiasis ; the antelopes varied considerably in resistance to the 
infection ; some seemed to resist completely, others had an infection which lasted 
for some months and then they apparently recovered, and some got a fatal 
infection which, however, in some cases lasted for several months. It may be 
said that all the infected animals remained infected long enough for the trypano- 
somes to be transmitted many times by tsetse flies if the animals had been living 
under natural conditions in tsetse fly areas. Details of the experiments are given 
in the tables at the end of this paper. 

The failure to infect flies from Dikdik 50 (Table III, p. 43) is interesting ^ 
as the infecting fly. Fly BP 35, also infected Bushbuck 1, from which flies were 
infected; and as there were four experiments all of which failed, the most prob- 
able explanation seems to be that the failure was due to the blood of Dikdik 50 
being unsuitable for the development of the trypanosomes in the flies. Fly 
BP 35 was infected from the same animal, Impala 2, as Fly BQ 9 which infected 
Dikdik 51. 

It is not possible to say, from the duration of life in the sheep, whether 
some sheep were infected with trypanosomes of greater virulence than those of 
other sheep, as we do not know how much sheep vary in their powers of 
resistance, but on the whole the virulence of the strain for sheep did not seem to 
be less in 1938 than it was in 1934. 

A few of the antelopes, e.g., Reedbuck 4, and Bushbuck 1, died suddenly 
and unexpectedly without any apparent cause. This has also happened with 
antelopes which have lived at Tinde in apparently good health for some time and 
have not been used for any experiment. 

Since the early part of the year 1935, this strain of T. rhodesiense has been 
the only one infecting sheep at Tinde and no case of accidental infection has ever 
been found in the flock. 

The last two passages, viz., by Fly CZ 17 to Reedbucks 7 and 8, were not 
recorded in the last published paper, nor was the test of infectivity to man by 
Fly CZ 17; this fly fed on the arm of the African volunteer Masanja Nimirra 
on 15th January, 1939. Daily examination of his arm during the following 
fortnight showed no local signs of infection and he had no symptoms of illness. 
On 28th January, 5 c.c. of his blood were inoculated subcutaneously into five white 
rats, 1 c.c. into each, and no infection resulted. In accordance with my rule of 
treating each volunteer with germanin (Bayer 205) whether he shows signs of 
infection or not, this man received his first injection of 1 gramme of germanin 
on 29th January, 1939. There was no opportunity of using more volunteers 
and no conclusion as to the infectivity of the strain for man can be drawn from this 
negative result. 

Some details of the infections of the sheep and antelopes are given in 
Tables I, II and III. 



89 


J. F. CORSON. 
Table I. 


Transmission through Sheep only, by Boxes of Flies or Single Flies (G. 7 itorsttans). 


Infected , 
Sheep 1 
Number. ' 

Fly 

Number, 

Date when 
Infecting 
Fly Fed or 
Flies began 

1 to Feed. 

j Sheep 
: Died on 

Life 

Days 

Fly 

Passage 

from 

Man. 

Fly Test from Sheep to Man. 

83 

I AW 79 

i 19.11.34 

20. 6.35 

214 

1 


82 

1 AX 33 ^ 

; 25.11.34 

28. 3.35 

123 

1 

57 

AW 21 i 

i 27.11.34 

26. 2.35 

91 

1 

1 

124 

1 AW 21 

1 11.12.34 

18. 2.35 

69 

1 


129 

1 

1 18. 2.35 

1 20. 7.35 

152 

2 


143 


j 11. 5,35 

29. 8.35 

no 

3 


131 


i 3. 8.35 

24.12.35 

115 

4 


152 


; 10.11.35 

8. 2.36 

91 

5 


149 

, BB 10 

1 20.12.35 

22. 3.36 

82 

0 

Fly BE 46 ; positive 

125 

j 

21.12.35 

8. 3.36 

77 

0 


141 

1 

; 16. 1.36 

6. 7.36 

171 

0 


150 


1 25. 1.36 

3. 5.36 

99 

7 


156 

BE 47 

26. 2.36 

9. 6.36 

104 

' 7 


159 


5. 3.36 

21. 4.36 

47 j 

7 


160 


■ 17. 3,36 

9. 9.36 

176 1 

8 


158 

1 

! 21. 4.36 

13. 7.36 

93 I 

9 


161 

! 

3. 6.36 , 

21.12.36 

201 i 

1 10 

Fly BG 93 ; positive 

162 


23. 6.36 

i 2. 8.36 

40 

10 


163 ' 


23. 7.36 

22.11.36 

127 

11 


164 

i 

1 3. 8.36 I 

' 8.11.36 

97 

11 


166 


22. 8.36 i 

! 2. 4.37 1 

‘ 223 

11 


165 

1 

1 

1 30. 8.36 j 

( 18.10.36 

: 49 ! 

12 


168 


15. 9.36 I 

20. 3.37 

197 

12 


169 


8.10.36 

10. 4.37 

184 

12 


170 


19.10.36 

25. 3.37 

151 

13 


167 


6.11.36 

21. 4.37 

106 

13 


171 


! 18.12.36 

24. 2.37 

06 , 

14 


174 


5. 1.37 

29. 3.37 

S3 j 

14 


182 


; 6. 2.37 

23. 5.37 

100 I 

15 


183 


1 20. 2.37 

17. 7.37 

141 

13 


137 

BK 11 1 

27. 3.37 

20. 9.37 

177 

13 


112 

BK 15 1 

30. 3.37 

16. 5.37 

48 

13 


181 

BK 11 

1. 4.37 

29. 5.37 

58 

13 


184 

BK 15 

1. 4.37 

25. 5.37 

54 

13 


186 

BK 11 

5. 4.37 

19. 6.37 

77 

13 


187 


i 11. 4.37 ! 

16.10.37 

188 

10 


195 


1 29. 4.37 

8. 1.38 

254 i 

10 


197 


1 11. 6.37 : 

11. 4.38 

304 ! 

17 

• 

199 


1 23. 6.37 i 

10.10.37 

109 

17 


207 

1 

16. 8.37 1 

3. 7.38 

322 : 

IS 


214 


30. 9.37 ; 

2. 7.38 

275 ' 

19 


221 

1 

! 6.11.37 : 

1. 6.38 i 

207 1 

20 

Flics CC 32 and CC 37 ; positive 

1 

221) 

! 

i 

1 8.12.37 j 

1 ' 

3. 5.38 

140 1 

i 

20 



221 ) 
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long each animal remained infected, a difficult matter in the case of chronic 
infections. All the sheep seemed to remain infected until they died, apparently 
of trypanosomiasis ; the antelopes varied considerably in resistance to the 
infection ; some seemed to resist completely, others had an infection which lasted 
for some months and then they apparently recovered, and some got a fatal 
infection which, however, in some cases lasted for several months. It may be 
said that all the infected animals remained infected long enough for the trypano- 
somes to be transmitted many times by tsetse flies if the animals had been living 
under natural conditions in tsetse fly areas. Details of the experiments are given 
in the tables at the end of this paper. 

The failure to infect flies from Dikdik 50 (Table III, p. 43) is interesting ; 
as the infecting fly. Fly BP 35, also infected Bushbuck 1, from which flies were 
infected ; and as there were four experiments all of which failed, the most prob- 
able explanation seems to be that the failure was due to the blood of Dikdik 50 
being unsuitable for the development of the trypanosomes in the flies. Fly 
BP 35 was infected from the same animal, Impala 2, as Fly BQ 9 which infected 
Dikdik 51. 

It is not possible to say, from the duration of life in the sheep, whether 
some sheep were infected with trypanosomes of greater virulence than those of 
other sheep, as we do not know how much sheep vary in their powers of 
resistance, but on the whole the virulence of the strain for sheep did not seem to 
be less in 1938 than it was in 1934. 

A few of the antelopes, e.g., Reedbuck 4, and Bushbuck 1, died suddenly 
and unexpectedly without any apparent cause. This has also happened with 
antelopes which have lived at Tinde in apparently good health for some time and 
have not been used for any experiment. 

Since the early part of the year 1935, this strain of T. rhodesiense has been 
the only one infecting sheep at Tinde and no case of accidental infection has ever 
been found in the flock. 

The last two passages, viz., by Fly CZ 17 to Reedbucks 7 and 8, were not 
recorded in the last published paper, nor was the test of infectivity to man by 
Fly CZ 17; this fly fed on the arm of the African volunteer Masanja Nimirra 
on 15th January, 1939. Daily examination of his arm during the following 
fortnight showed no local signs of infection and he had no symptoms of illness. 
On 28th January, 5 c.c. of his blood were inoculated subcutaneously into five white 
rats, 1 c.c. into each, and no infection resulted. In accordance with my rule of 
treating each volunteer with germanin (Bayer 205) whether he shows signs of 
infection or not, this man received his first injection of 1 gramme of germanin 
on 29th January, 1939. There was no opportunity of using more volunteers 
and no conclusion as to the infectivity of the strain for man can be drawn from this 
negative result. 

Some details of the infections of the sheep and antelopes are given in 
Tables I, II and III. 
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Table I. 


Transmission through Sheep only, by Boxes of Flies or Single Flies (G. morsitans). 


Infected 

Sheep 

Number. 

Fly 

Number. 

Date when 1 
Infecting 
Fly Fed or 
Flies began 
to Feed. 

Sheep 
Died on 

Life 

Days 

Fly 

Passage 

from 

Man. 

Fly Test from Sheep to Man. 

83 

AW 79 

19.11.34 

20. 6.35 

214 

1 


82 

AX 33 

25.11.34 

28. 3.35 

123 

1 


57 

AW 21 

27.11.34 

26. 2.35 

91 

1 


124 

AW 21 

11.12.34 

IS. 2.35 

69 

1 


129 


18. 2.35 

20. 7.35 

152 

2 


143 


11. 5.35 

29. 8.35 

no 

3 


131 


3. 8.35 

24.12.35 

115 

4 


152 


10.11.35 

8. 2.36 

91 

5 


149 

BB 10 

20.12.35 

22. 3.36 

82 

6 

Fly BE 46 ; positive 

125 


21.12.35 

8. 3.36 

77 

6 


141 


16. 1.36 

6. 7.36 

171 

6 


150 


25. 1.36 

3. 5.36 

99 

/ 


156 

BE 47 

26. 2.36 

9. 6.36 

104 

7 


159 


5. 3.36 

21. 4.36 

47 

7 


160 


17. 3.36 

9. 9.36 

176 

8 


15S 


21. 4.36 

13. 7.36 

93 

9 


161 


3. 6.36 

21.12.36 

201 

10 

Fly BG 93 ; positive 

162 


23. 6.36 

2. 8.36 

40 

10 


163 


23. 7.36 

22.11.36 

127 



164 


3. 8.36 

8.11.36 

97 

11 


166 


22. 8.36 

2. 4.37 

223 

11 


165 


30. 8.36 

18.10.36 

49 

12 


168 


15. 9.36 

20. 3.37 

197 

12 


169 


8.10.36 

10. 4.37 

184 

12 


170 


19.10.36 

25. 3.37 

151 

13 


167 


6.11.36 

21. 4.37 

166 

13 


171 

' 

18.12.36 

24. 2.37 

66 

14 


174 


5. 1.37 

29. 3.37 

S3 

14 


182 


6. 2.37 

23. 5.37 

106 

15 


183 


20. 2.37 

17. 7.37 

141 

13 


137 

BK 11 

27. 3.37 

20. 9.37 

177 

13 


112 

BK 15 

30. 3.37 

16. 5.37 

48 

13 


181 

BK 11 

1. 4.37 

29. 5.37 

58 

13 


184 

1 BK 15 

i 1. 4.37 

25. 5.37 

54 

13 


186 

: BK 11 

! 5. 4.37 

19. 6.37 


13 


187 

1 

; 11. 4.37 

16.10.37 

188 

16 


195 


' 29. 4.37 

8. 1.38 

2o-i 

16 


197 


11. 6.37 

11. 4.38 

304 

17 

- 

199 


23. 6.37 

10.10.37 

109 

17 


207 


16. 8.37 

3. 7.3S 

322 

18 


214 


30. 9.37 

2. 7.38 

275 

19 


221 

1 

6.11.37 

1. 6.38 

207 

20 

Flics CC 32 and CC 37 ; positive 

223 


8.12.37 

3. 5.38 

146 

■ 20 
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Infected 

Sheep 

Number. 

Fly 

Number. 

Date when 
Infecting 
Fly Fed or 
Flies began 
to Feed. 

Sheep 
Died on 

Life 

Days. 

Fly 

Passage 

from 

Man. 

Fly Test from Sheep to Man. 

230 


18. 1.38 

20. 9.38 

245 

21 


225 

CC 37 

19. 2.38 

30. 6.38 

131 

21 


231 

CC 32 

24. 2.38 

30. 7.38 

156 

21 


232 


7. 3.38 

17. 9.38 

194 

22 


234 


9. 4.38 

6.11.38 

211 

22 


236 


16. 4.38 

11.12.38 

239 

23 


236 


17. 5.38 

22. 1.39 

250 

24 

Shot while in fair condition 

237 


3. 6.38 

26.11.38 

176 

23 


238 


14. 6.38 

22. 1.39 

222 

25 

Shot while in fair condition 

240 


16. 7.38 ■ 

30.11.38 

137 

24 


243 


20. 7.38 

22. 1.39 

186 

26 

Shot : somewhat emaciated 

246 


23. 8.38 

22. 1.39 

152 

25 

Shot while in fair condition 

249 


2. 9.38 

22. 1.39 

142 

27 

Shot while in fair condition 

250 


17.10.38 



28 

Alive 

251 


26.10.38 



26 

Alive 

256 


27.11.38 

17. 1.39 

51 

29 

Cause of death unknown 

248 


9.12.38 



27 

Alive 

223 


4. 1.39 



30 

Alive 

260 


9. 1.39 



28 

Alive 


Table II. 


Sheep Infected to Compare the Virulence in the Antelope Transmission Branch. 


Sheep 

Number. 

Infecting Fly. 

Date when 
Infecting Fly 
Fed or Flies 
Began to Feed. 

Sheep Died 

on 

Life 

Days. 

Fly 

Passage 

from 

Man. 

157 

BP 35 

16. 6.37 

21.11.37 

158 

16 

201 

Flies from Sheep 157 

26. 8.37 

24. 6.38 

302 

17 . 

219 

Flies from Sheep 201 

20.10.37 

28. 8.38 

312 

18 

196 

BP 35 

10. 6.37 

16.11.37 

160 

16 

205 

Flies from Sheep 196 

30. 7.37 

26. 2.38 

212 

17 

210 

Flies from Sheep 205 

16. 9.37 

CO 

CO 

207 

18 

217 

BW 4 

20.10.37 

4.12.37 

45 

17 

220 

BV 7 

21.10.37 

17. 3.38 

147 

17 

• 229 

Flies from Sheep 220 

15.12.37 

6.11.38 

326 

18 

228 

BX 40 

13.12.37 

15. 9.38 

276 

18 

227 

BX 44 

13.12.37 

17. 5.38 

155 

18 

255 

CZ 33 & CZ 17 

7.12.38 & 

Alive 


23 



21.12.38 




257 

CZ 17 

28.12.38 

Alive 


23 


257 


Alive 


23 








Table III. 

Antelopes Infected by Single Flies (G. morsitans). 
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STUDIES OF INFECTIONS WITH PLASMODIUM OVALE. 
II.— ACQUIRED RESISTANCE TO OVALE INFECTIONS. 

BY 

J. A. SINTON, M.D., 

E. L. HUTTON, M.B. 

ANTJ 

P. G. SHUTE, F.R.E.S. 

Malaria-Therapy Centre, Horton Hospital, Epsom.* 


The results recorded in a previous paper (Sinton et al., 1939) indicate that 
there is very little natural resistance to primar)" infection with Plasmodium ovale 
among the types of European patient studied by us. Many of these patients 
were afterwards reinoculated with the same or a different strain of P. ovale 
on one or more occasions. The results of this work have shown that a high 
degree of resistance to the effects of reinoculation can be acquired by a patient 
as a consequence of a previous infection. As there seems to be no published 
information on the subject of acquired immunity in ovale infections, our findings 
are given in detail below. 

(A) Material and Methods. 

(a) HUMAN HOSTS OF INFECTION. 

A total of lOS primaiy^ infections with P. ovale have been induced by us 
in the practice of malaria-therapy for the treatment of general paresis. These 
patients, unless otherwise stated, were all of British nationality and European 
descent. Reinoculations with either homologous or heterologous strains of the 
same parasite were carried out on fifty-three occasions, the results of which are 
summarized in Tables II and III. 

♦This work was carried out at the London County Council Malaria-Therapy Centre 
and at the Ministry- of Health’s Malaria Laboratorj', Horton. The authors desire to thank 
the authorities of both these organizations for the facilities placed at their disposal. The 
senior author (J.A.S.) also wishes to acknowledge his indebtedness to the Royal Society' 
and to the London School of Hygiene and Tropical Medicine for grants which have enabled 
him to continue his research work. 



48 


RESISTANCE TO P. OVALE. 


(b) METHODS OF REINOCULATION. 

Reinoculations were made either by means of injections of infected blood 
or by means of parasites from infected mosquitoes. 

(i) Blood Inoculation. — ^This was made by the injection of whole blood 
in amounts of at least 5 c.c. The inoculations were made intramuscularly in the 
subscapular region. A donor patient- was chosen who was receiving no treat- 
ment and whose blood showed a heavy parasite prevalence. Strains of parasite 
from four different geographical areas were used.* 

(ii) Mosquito Transmission. — K number of the patients were inoculated 
by the bites of infected specimens of A. viactdipennis var. atroparvus, while 
in other instances the sporozoites were isolated from the dissected glands of 
infected insects and then injected intravenously [vide James et al., 1927 ; Shute, 
1937).f All infected insects were proved to be infective at the time of being 
used for reinoculations, by the successful transmission of the infection to other 
non-immune patients. In every case steps were taken to reinoculate a large 
amount of infective material, either by allowing numerous infective insects to 
bite, or by the injection of a heavy dosage of sporozoites {vide Tables II and III). 

Mosquito-reinoculation experiments were tried with insects infected with Strains 
A and D only. The only batch of insects carrying the former strain used in this work, 
showed an infection rate of 54 per cent. With Strain D, three different batches of infected 
insects were employed : (a) Batch D1 had an infection rate of 83 per cent., and the bites 
of eight to twenty-seven of these insects were given to each patient (average 21 -5) ; (6) 
Batch D3 was 54 per cent, infected, and ten to fourteen insects bit each patient, and (c) 
because Batch D4 was only 35 per cent, infected, thirty-two to thirty-six mosquitoes were 
used in each case to ensure an effective dosage of infection. If the figures of the D batches 
be considered, it is seen that each patient was bitten by an average of eighteen, six and 
twelve infective insects respectively, usually within a period of 3 days. Such a dosage of 
sporozoites should have been a severe test of the amount of resistance present to rein- 
fection. 


(c) REINFECTIONS AND SUPERINFECTIONS. 

The results obtained by workers in malaria therapy suggest that 
infections with P. vivax produced by blood inoculations do not give rise to so 
great a resistance to the effects of reinfection as do inoculations with mosquito 
parasites. It has also been found that the inoculation of mosquito parasites 
will frequently prove to be effective when blood injection has failed to produce 
infection. For these reasons we have used inoculations of both blood and 
mosquito parasites in testing the degree of resistance acquired by our patients. 

*As reported by Sinton et al. (1939), Strain A was derived from the Belgian Congo, 
Strain B from Nigeria, Strain C from Sierra Leone, and Strain D from the Gold Coast. 
It is unfortunate that our series did not contain a strain from the eastern side of Africa. 

fAs no differences could be found between infections produced by mosquito bites 
as compared with sporozoite injections made with the syringe, all these inoculations have 
been grouped together as due to “ mosquito ” parasites or sporozoites. 
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Two series of investigations were carried out (i) that in which the patients 
were reinoculated with either blood or mosquito parasites of the same strain 
as the original infection (homologous reinoculations), and (ii) that in which 
similar reinoculations were made with strains of parasite from other geographical 
areas (heterologous reinoculations).* The results of these series of tests are 
summarized in Tables II and III. 

On account of the large number of patients which would have been needed 
for the purpose, it was found impossible to maintain more than a single strain 
of P. ovale at any one time. When a new strain was taken into use, the older one 
was allowed to die out. For this reason, it will be noted that strain cross- 
immunity experiments have only been made by testing the action of the more 
recently acquired strains against the after-effects of the older ones, and not 
vice-versa. Our results are, therefore, not so complete as those recorded by 
Mulligan and Sinton (1933a, 1933b) in their experiments with P. knowlesi in 
monkeys. 

It is usually possible in animal experiments to carry out a set programme 
of research, but this was not found practicable in our malaria-therapy work, 
because inoculations were necessarily governed mainly by the therapeutic 
indications shown by the patients available. Many patients after receiving 
their primary infections were, after a few months, no longer available for 
investigation because they had been discharged from this hospital, or had died, 
or were unsuitable for further inoculation. 

{d) RECORDING AND EVALUATION OF THE RESULTS OF REINOCULATIONS. 

The effects of reinoculation were evaluated upon the amount of febrile 
manifestation and the degree of parasitic prevalence produced. The methods 
used for these purposes have been indicated in the footnote to Table II. 

{i) Febrile Manifestations. 

The duration of fever was reckoned as the total number of days bet^veen 
the time when the temperature rose above 99° F. until it again fell below this 
level, and stayed there. In many instances, the fever was not continuous 
during this period, thus with a tertian periodicity one might have 3 fever-free 
days during a recorded fever-duration of 7 days. 

Many of our patients were in a poor state of health as a result of the general 
paral3'^tic condition from which they were suffering and, on this account, it was 
not uncommon for irregular rises of temperature to occur, even in the absence 
of malarial infection. In several instances, temperatures recorded after reinocu- 
lation, especially in those patients in whom no parasitic infection could be 
detected, were almost certainly due to some other cause than malaria. 

*As will be seen from the results recorded below, none of the strains of P.yvale used 
by us were found to be markedly heterologous in the immunological sense, in spite of their 
very’ different origins. 

D 
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(b) METHODS OF REINOCULATION. 

Reinoculations were made either by means of injections of infected blood 
or by means of parasites from infected mosquitoes. 

(i) Blood Inoculation. — ^This was made by the injection of whole blood 
in amounts of at least 5 c.c. The inoculations were made intramuscularly in the 
subscapular region. A donor patient- was chosen who was receiving no treat- 
ment and whose blood showed a heavy parasite prevalence. Strains of parasite 
from four different geographical areas were used.* 
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in other instances the sporozoites were isolated from the dissected glands of 
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amount of infective material, either by allowing numerous infective insects to 
bite, or by the injection of a heavy dosage of sporozoites (vide Tables II and III). 

Mosquito-reinoculation experiments were tried with insects infected with Strains 
A and D only. The only batch of insects carrying the former strain used in this work, 
showed an infection rate of 54 per cent. With Strain D, three different batches of infected 
insects were employed ; (a) Batch D1 had an infection rate of 83 per cent., and the bites 
of eight to twenty-seven of these insects were given to each patient (average 21-5) ; (b) 
Batch D3 was 54 per cent, infected, and ten to fourteen insects bit each patient, and (c) 
because Batch D4 was only 35 per cent, infected, thirty-nvo to thirty-six mosquitoes were 
used in each case to ensure an effective dosage of infection. If the figures of the D batches 
be considered, it is seen that each patient was bitten by an average of eighteen, six and 
twelve infective insects respectively, usually within a period of 3 days. Such a dosage of 
sporozoites should have been a severe test of the amount of resistance present to rein- 
fection. 


(c) REINFECTIONS AND SUPERINFECTIONS. 

The results obtained by workers in malaria therap}^ suggest that 
infections with P. vivax produced by blood inoculations do not give rise to so 
great a resistance to the effects of reinfection as do inoculations with mosquito 
parasites. It has also been found that the inoculation of mosquito parasites 
will frequently prove to be effective when blood injection has failed to produce 
infection. For these reasons we have used inoculations of both blood and 
mosquito parasites in testing the degree of resistance acquired by our patients. 

*As reported by Sinton et at. (1939), Strain A was derived from the Belgian Congo, 
Strain B from Nigeria, Strain C from Sierra Leone, and Strain D from the Gold Coast. 
It is unfortunate that our series did not contain a strain from the eastern side of Africa. 

fAs no differences could be found between infections produced by mosquito bites 
as compared with sporozoite injections made with the syringe, all these inoculations have 
been grouped together as due to “ mosquito ” parasites or sporozoites. 
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Two series of investigations were carried out (i) that in which the patients 
were reinoculated with either blood or mosquito parasites of the same strain 
as the original infection (homologous reinoculations), and (ii) that in which 
similar reinoculations were made with strains of parasite from other geographical 
areas (heterologous reinoculations).* The results of these series of tests are 
summarized in Tables II and III. 

On account of the large number of patients which would have been needed 
for the purpose, it was found impossible to maintain more than a single strain 
of P. ovale at any one time. When a new strain was taken into use, the older one 
was allowed to die out. For this reason, it will be noted that strain cross- 
immunity experiments have only been made by testing the action of the more 
recently acquired strains against the after-effects of the older ones, and not 
vice-versa. Our results are, therefore, not so complete as those recorded by 
Mulligan and Sinton (1933a, 1933b) in their experiments with P. hnowlesi in 
monkeys. 

It is usually possible in animal experiments to carty out a set programme 
of research, but this was not found practicable in our malaria-therapy work, 
because inoculations were necessarily governed mainly by the therapeutic 
indications shown by the patients available. Many patients after receiving 
their primary infections were, after a few months, no longer available for 
investigation because they had been discharged from this hospital, or had died, 
or were unsuitable for further inoculation. 

{d) RECORDING and EVALUATION OF THE RESULTS OF REINOCUL.^TIONS. 

The effects of reinoculation were evaluated upon the amount of febrile 
manifestation and the degree of parasitic prevalence produced. The methods 
used for these purposes have been indicated in the footnote to Table II. 

(i) Febrile Manifestatio7is. 

The duration of fever was reckoned as the total number of days between 
the time when the temperature rose above 99° F. until it again fell below this 
level, and stayed there. In many instances, the fever was not continuous 
during this period, thus with a tertian periodicity one might have 3 fever-free 
days during a recorded fever-duration of 7 days. 

Many of our patients were in a poor state of health as a result of the general 
para^Tic condition from which they were suffering and, on this account, it was 
not uncommon for irregular rises of temperature to occur, even in the absence 
of malarial infection. In several instances, temperatures recorded after reinocu- 
lation, especially in those patients in whom no parasitic infection could be 
detected, were almost certainly due to some other cause than malaria. 

*As will be seen from the results recorded below, none of the strains of P. ovah used 
by us were found to be markedly heterologous in the immunological sense, in spite of their 
verj- different origins. 

D 
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The maximum degree of fever recorded was also noted. This was deter- 
mined from temperatures taken at least once every 4 hours. In none of the 
reinoculated patients was this maximum maintained for more than a few hours 
on one occasion, the temperature being much lower for the rest of the duration of 
the fever. 


(«) Intensity and Duration of Parasite Prevalence.* 

In the reinoculation experiments, daily blood examinations by the thick- 
film method were started 7 days after the date of inoculation, and cbntinued for 
at least 3, and often 4, weeks more, after which examinations were made twice 
weekly for a further 3 weeks. This period was considered sufficient to decide 
the onset of infection, as the average incubation period in primary infections 
was only about 15 days by the thin-film method. When parasites could not be 
found in the films, the search was continued for at least 10 minutes, which 
corresponds roughly to the examination of about 0-2 c.mm. of blood. For the 
purposes of comparison, the results obtained were grouped into various grades 
of intensity as shown in Table I and the footnote to Table II. 

The duration of the parasite prevalence was estimated from the time when 
parasites were first detected until they could no longer be found after continued 
daily examinations of the blood by the thick-film method. 

(B) Acquired Resistance to the Effects of Reinoculations. 

(1) ANALYSES OF RESULTS OF REINOCULATIONS. 

Although in a few cases the clinical manifestations during the early stages 
of the primary infection were modified temporarily by one or two small doses 
of quinine, in the great majority of cases the infections were allowed to run 
untreated to spontaneous recovery ; or they only received a curative course of 
treatment after they had experienced the ten or twelve febrile paroxysms needed 
for successful malaria-therapy. This prolonged duration of parasite prevalence 
was apparently sufficient to cause the acquisition of a high degree of immunity, 
and we have been unable to find any great difference in the degrees of resistance 
to reinoculation between patients who recovered spontaneously and those who 
received drug treatment at the end of the course of malaria-therapy. For this 
reason, we have not considered it necessary to separate these two classes of cases 
in considering the resistance acquired. 

The results of the reinoculation experiments have been summarized in 
Tables II and III, but it is necessary to consider them in detail and compare 
them with the results recorded in primary infections. 

•We wish to thank Miss W. W.all for the great pains she has taken in carrying out the 
arduous task of examining very large numbers of blood films. 
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{a) Gemrci Cc-nstderaizan of Restdis. 

(f) Blood ExGTrtlnattor ^. — The chief results obsen.'ed during the blood 
exuruinAtions of reinoculated cases have been summarized in Table I and 
compared u-ith those in primary infections. 

While there were only two doubtful cases of failure of detectable parasite 
infections among eighty-six primaiy- blood inoculations (zdde Sixrox ei cd., 
1939). ^-et there were fifteen out of nineteen (= 79 per cent.) among those 
reinoculated by the same method. It is also seen that none of the twentv-two 
primoT}' inoculations with mosquito parasites failed, ^-et about 35 per cent, 
of the reinoculations did. in spite of the fact that the average dosage of inoculum 

T.vbos I. 

AXALVSIS OF TKF KFSCuTS OF FLOOO EXAMINATIONS. 


Resole# of 
Isoculitiorts. 


parasites, parasites. 


Parasite Pre^-alence. 
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• Only cases in which the rise or parasite inter,sit%* was not interfered \rith by treatment, 
t OrJy cases in v.-hich the duration of detectable parasite infestation was not interfered v.-ith by treatment 

was much greater in the latter cases than in the former. These figures suggest 
that primoT}- infections are followed by a ver>- considerable degree of resistance 
to the multiplication of parasites when reinoculation takes place, and that this 
resistance is more effective against blood parasites than against mosquito 
oarasites- 

4 . 

Further eWdence of acquired resistance is found when one compares 
the intensit}- of the parasite prewalence in those cases of primary infection, which 
had not been interfered with by early therapeutic intervention, with the results 
obtained in secondary inoculations, none of which received any treatment. 

In about So per cent, of the latter cases, the maximum parasite prevalence 
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never rose as high as 1 per 100 fields of the thin film, but in primary cases only 
about 4 per cent, stayed at such a low level. At the other end of the scale, 
82 per cent, of primary cases showed maximum parasite prevalences varying 
from 8 to 100 per 100 fields, as compared with about 2 per cent, in the reinocu- 
lated. The maximum intensity shown in the untreated primary cases was 160 
per 100 fields in one case, as compared with a maximum of only 12 in a 
reinoculated case (Table III, Case 29). The thin-film method was used almost 
exclusively for the detection of parasites in the primaiy infections, while the thick- 
film one was also used in all the reinoculated cases. If the thin film alone had 


Table II. 

HOMOLOGOUS REINFECTIONS. 
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No. 

Primary 
Infecting 
Strain. •• 

Reinfections.** j 

i 

Method 

of 

Reinfec- 
tion.! i 
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(2G) 

(52) 

c 

1 D 

! (442) 

1 

D3 

(687) 

M.6 

M.6 

0 

0 

0 

0 

21 

D1 

1 D3 
(135) 

0 

M.7 

M.6 

X-- 

4 

0 

0 

22 

D2 

! D4 

j (203) 

0 

M.14 

M.20 

X-- 

1 

0 

0 


Explanations of terms used in Tables. 

** Infections shown in heavy type, e.g., C, indicate inoculation by mosquito bitep or by intravenous 
injections of sporozoites. Others are by blood injection intramuscularly, 
t Figures shown in parenthesis, e.g., (211), indicate the number of days since the primary infection 
was inoculated. 

I Bl. indicates each occasion on which a blood inoculation was made. M. indicates the number 
of mosquitoes biting on each occasion. S. is the number of sporozoites (in thousands) 
injected intravenously (Shute, 1937). 

|| The maximum degree of parasite prevalence is indicated as follows : — 

X — Only one parasite detectable in thick film on any day. 

X— Several parasites found in thick film. 

X ^ Scanty parasites only found with difficulty in the thin film. 

XX ^ Parasites more numerous in thin film — about 1 per 100 fields. 

XXX.Parasitcs fairly easily found in thin film — about 4 per 100 fields. 

. Ihc duration of fever was calculated by the number of days between the time when the tem- 
perature rose above 99° F. until it fell below this level, and stayed there. Q. indicates the 
number of peaks of quotidian fever, and T. the number of tertian. 
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been relied upon in the latter instance, thirteen parasitic infections would 
probably have escaped notice out of the twenty-six detected. 

A comparison of the duration of detectable parasitic infestation gave 
additional evidence of the resistance acquired as the result of the primary infection. 
Forty-five primary cases, in which the duration of detectable parasites was not 
cut short by treatment, were compared with the twenty-six successful secondary 
inoculations, all of which received no treatment. The average duration of 
parasite incidence was 25-0 days in the former cases and only 5-7 in the latter. 
In about 80 per cent, of the secondary infections, parasites persisted for less 
than 10 days (maximum 14 days), while in over 95 per cent, of primary attacks 
the period was 14 days or more (maximum 53 days).* Among the cases in 
which the duration of parasites was cut short by treatment, in about 90 per 
cent, they had already persisted for at least 14 days. 

The average parasitic incubation period was about 15 days in both classes 
of cases, primary and secondary. If the same method had been used in both 
instances the recorded incubation period would probably have been at least 
2 to 3 days longer in the reinoculated cases, because the thick film usually reveals 
parasites sooner than does the thin one. 

It is evident, therefore, from the results reported that a primary infection 
with P. ovale can give rise to a great resistance to the multiplication and 
persistence of parasites reintroduced at a later date. 

(it) Clinical Manifestations . — ^The clinical manifestations in all the reinocu- 
lated cases were relatively mild and recovery was spontaneous in every instance. 
Of the fifty-three reinoculated patients in only eighteen did febrile manifestations 
occur, and in three of these it was doubtful whether the low-grade pyrexia 
recorded was due to malaria, as no parasites could be found after very careful 
and prolonged searches. In contrast with this, out of the 108 primary infections, 
in only two cases (Cases A28 and B5) did fever fail to develop, and the possible 
reasons for this have already been discussed (Sinton et al., 1939). 

The average duration of fever was only 4-5 days in these eighteen febrile 
cases, while in the primary cases it was at least 18 days, although in some 
instances the fever had been cut short by treatment. The maximum duration 
of fever seen in the reinoculated cases was 9 days in four cases (about 7'5 per 
cent.), while, except for cases in which treatment abbreviated the pyrexia, 
in only nine primary infections (about 8 per cent.) did the minimum duration 
of fever fall below 1 1 days. The brevity of the fever in several of the latter cases 
was probably due to abnormal conditions, and has been discussed in detail 
earlier (Sinton et al., 1939). 

In only five (about 9-4 per cent.) of the reinoculated cases did the tem- 
perature rise to 104° F. or more, as compared with about 63 per cent, in the 

*In four primarj’ infections with Strain D which received no treatment at any time, 
very prolonged and careful examinations by the thick film method revealed parasites inter- 
mittently as late as the 53rd, 54th, S2nd and 93rd days. 
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primary inoculations. Only one (about 2 per cent.) of the former cases showed 
a temperature as high as 105° F., as compared with about 32 per cent, in the 
latter. 

These results go to show that, under our conditions, a primary infection 
with P. ovale is followed b)’ an acquired resistance in the host, which is indicated 
by a great diminution in the febrile manifestations that would be expected to 
occur in a non-immune patient when inoculated with viable parasites of the 
same species. 


Table III. 

HETEROLOGOUS REINFECTIONS. 


! 

1 

1 

1 Case 1 Primary- 
i No. ' Infecting 
Strain. 

' 

Reinfections. 

Effects of Last Inoculation. 

of Parasites. 

Fever. 

1st. 

2nd. 

3rd. 

tion. i 

! Maximum 
' P.-evalence. 

Duration 

(days). 

Maximum 
Height 
(-“ F.). 

Duration 

(days). 

! 23 B 

. 1 (10) 1 
g i (31) ' 

■B \ (56) : 

rt 1 

B 

(68) 

c 

(1123) 

0 

Bl. j 0 

1 

0 

0 

0 

3 ! 24 C 

O 

•£ 

D 

(407) 


Bl. i 0 

0 

100 

1 

"o ^ 25 ' C 

o i 

XI 1 

D 

(425) 

0 0 

Bl. , X — 

I 

6 

0 

0 

f 

£ ' 26 ; C 

K 1 f 

.1 ! 

D 

(442) 

0 0 

1 

Bl. ' 0 

Bl. i 

Bl. 

0 

0 

0 

1 27 C 

O 1 

O 

D 

(444) 

0 1 0 
i 

Bl. 0 

1 

0 

100 

2 

^ ! 2S j C 

O t 

-2 I 

D 

(530) 

0 ' 0 

Bl, 1 X- 

9 

100 

1 

' 29 ; C ! D 

i (552) 

0 0 

1 

Bi. ; xxxx 

1 

11 1 104 

1 

9 

(5T) 

S . 1 30 , (?)• 

c , 

wm 

0 ' 0 ' Bl. 1 0 1 0 1 0 

0 

CS ^ ' 

ci 1 31 B 

■5 3 (10) ' 

« 3 , (23) 

S-S i (56) 

B 

(68) 

C ' 0 Bl. i 0 i 0 1 0 

(112.3) j ' : i ! 

. i i i ; 

0 

c £ 

-■= i 32 C 

1 ' (10) ; 

~ £ i (5S) i 
ca c ; 

D 

(437) 

0 0 Bl. ! 0 i 0 1 0 

Bl. i ; 

1 Bl. ; ' 

0 


i I 


• Previously had malaria in T.anganyika. 
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Table III — {continued). 


Reinfections. Method 

Case Primary of 

No. Infecting Reinfec- 

Strain. tion. 

1st. 2nd. 3rd. 


Effects of Last Inoculation. 


Parasites. 


Fever. 


,D1 0 

(1994) 


I D1 0 


0 M.13 

M.9 


Maximum ; 

Maximum Duration Height i Duration 
Prevalence. (days). ( — ^ F.). | (days). 


X- 7 1 104 I 9 

! (5T) 


XX I 6 I 103 j 3 

i 1 (-T) 


0 j 0 I 0 1 0 


36 

A 

D1 

(2059) 

0 

0 

S.146 

XXX 

4 


H 

A 

D1 

(2205) 

0 

0 

M.9 

M.ll 

X 

6 

103 1 4 

j {2Q ; IT) 

38 

A 

D4 

(2512) 

0 


M.12 

M.20 

X-- 

1 

0 1 0 

' 

39 

(13) 

(35) 

A 

A 

(110) 

D1 

(2276) 

0 

M.13 

M.8 

X 

3 

104 1 8 

1 (3Q ; 2T) 


D1 0 
(181) 


0 M.18 

M.3 



i 1 

102 

1 9 


(1 day) 

, (99-100“F.) 



C D1 
(211) (393) 


101 I 
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C 

C 
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(312) 



X- 

! 

i 

0 j 

0 
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i 0 

! 
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Primary 

Infsctfn'^ 


Reinfection?. Method 
cf 

Reinfec- 


Effects of Last Inoculation. 


Parasites. 


Fever. 


1st. , dnd. 3rd. 


tion. ' ^Maximum 

Alaximum . Duration Height Duration 
Prevalence. (days). ( — ' F.). , (days). 


D1 0 0 M.ll X 

(1410) M.O 

D1 0 0 M.14 , 0 


A D1 0 M.13 X- 

(110) (2276) M.S 


(3Q : 2T) 


B B C D1 S.90 0 

(66) (1123) '(141S) 



C D1 
(331) (oOS) 


c 

D D1 

0 

M 

) 

) 

(437) (536) 


M 


,4 

0 

0 

0 

T 







Ccrxlustons. — genenil consideration of our results indicates, under the 
conditions of our investigations, that as a result of primary- infections with 
P. cvale. a verv definite degree of resistance is acquired against the effects of 
reinoculation with parasites of the same species. This is shown by a diminution 
in both the intensity and duration of the parasite prevalence and of the febrile 
manifestations, as well as by the failure of a large percentage of infections to 
develop. 

(^) Specicd Consideraiion of Results. 

The evidence collected has shown that infections with P. ovcde can give 
ri'C to a considerable degree of immunity- under the conditions of car experi- 
ments. It is now necessary- to consider especially such questions as tlie extent 
to yvhich this immunity is efficacious against reinoc-ulations yvith geographically 
heterolosrous strains of parasite as compared with homologous ones. Do 
infections produced by mosquito parasites give nse to a higher degree of 
immunity- than those produced by blood parasites ?* Do multiple infections 
produce a creator immunity than a single one ?*' How long docs this immunity- 

last 

’•Ir is rrcr:'sx;c m vdxh these prubLms tnarv fu;;y :n u iamr papar. 
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recorded showed after reinfection both parasites and fever but of less intensity 
and of shorter duration than normal. Boyd et al. (1936a) found that, among 
negroes who appear to possess already some natural resistance to malarial 
infection, reinoculation was not followed by a return of clinical manifestations 
in any of the cases tested, although a parasitic increase occurred. The patients 
studied by CiucA et al. (1934) showed at their primary inoculations parasites 
in 78 per cent, of cases and fever in 71 per cent. After the second inoculation 
71 per cent, showed parasites and only 53 per cent, fever. This suggests that the 
resistance to the pathogenic effects had risen more rapidly than that against the 
development of infection. These patients appear to have had at the time of their 
primary inoculation a resistance (probably mainly acquired) which was inter- 
mediate in degree between that in the non-immune patients studied by the other 
European workers and that in the negroes studied in America. 

Little work appears to have been done on superinfections with P. malariae, 
apart from the results recorded by CiuCA et al. (1934). These workers found that 
after the primary inoculation of infected blood, 63 per cent, of the patients showed 
parasites and 52 per cent, fever, while the figures were 54 and 30 per cent, 
respectively after the second inoculation. 

A similar acquisition of immunity to the effects of the reinoculation of blood 
has been recorded by Mulligan and Sinton (1933a, 1933b) and by Sinton 
and Harbhagwan (1935) in simian malaria. These workers found that in the 
monkey, S. rhesus, a very definite resistance to the clinical effects of reinfection 
with P. knowlesi was developed after primary infection with this parasite. This 
has been confirmed by Nauck and Malamos (1934). Taliaferro and 
Taliaferro (1934) also report a high degree of resistance to the effects of 
reinfection when P. brasiliaiiuin was inoculated into certain species of monkey 
from Central America. 

Primary infections of man with the monkey parasite, P. knowlesi, also 
appear to produce a very high degree of resistance to reinfection. CiucA et al. 
(1937) inoculated 158 patients who had no history of a previous malarial infection, 
of these 100 per cent, developed parasitic infections and about 95 per cent, 
had fever. Twenty cases were reinoculated with the same strain of parasite. 
Fourteen of these showed neither fever nor parasites, while only one showed 
fever and that of a mild type. Chopra et al. (1938) also report that three 
Indians inoculated by them with this parasite all proved to be completely 
refractory to reinfection. 

A comparison has been made by CiuCA et al. (1934) of the resistances 
to reinfection developed by Roumanian patients inoculated repeatedly with 
the three commoner malaria parasites of man — P. vivax, P. falciparum and 
P. malariae. They found that the degree of resistance increased after each 
successive inoculation, and report that after the fifth inoculation with their 
strain of P. vivax, 100 per cent, of the patients failed to show any evidence 
of infection. A similar result was only obtained at the seventh inoculation 
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of P. malariae, Avhile with P. falciparum 3 per cent, of patients still developed 
detectable parasitic infections after the tenth inoculation. 

These results may be compared with our homologous reinoculations of 
P. ovale* Of the eleven cases reinoculated with blood, in none did fever 
occur, and in only one could a few parasites be found. A'NTien the reinoculations 
were made ^^■ith sporozoites, the resistance did not appear to be so eftective.f 
Fever of short duration was recorded in three out of nine cases, and relatively 
mild and transient parasitic infections without fever were seen in five other 
patients. There was, therefore, a total of twenty homologous reinoculations 
in only three of which did fever and parasites occur together, while in six others 
there were only slight parasitic infections, /.c., a total of about 45 per cent, of 
infections. 

The eifects of reinoculation with the same strain of P. oz'ale seem to be very 
much milder than those reported with any of the other human malaria parasites. 
This appears to indicate that, at least with the strains tested, the homologous 
resistance acquired after a single infection with this parasite is definitely more 
effective than that seen after primar}* infections with any of the other three 
human parasites studied. It should be noted, however, that the primar}’ 
infections in the great majority of the ovale patients were allowed to nm to 
spontaneous recovery without treatment, or with only a ver}' slight amount. 
On the other hand, the course of many of the znt'ax infections, and most of the 
falciparum ones, had been interfered with by medication. J.ames (1931) and 
Jaj^ies et al. (1932), as well as some other workers, consider that such treatment 
may interfere seriously \rith the development of immunit}*, a question which 
had been discussed fully by Sinton (1939). This factor may help to account 
partlv for the greater resistance developed iifter primar}’ infections of P. avah\ 
but we consider that there is evidence to show that a more effective immunity 
is developed naturally against reinfection with homologous strains of this 
parasite than is the case in the other human parasites studied. 

Couclueions . — (/) A ver}’ high degree of resistance to reinfection with the 
same strain of parasite is developed after a primar}’ infection with P. (yvale. 

(/V) Resistance to Reinoculations xcith Heterologous Strains. 

{it) This resistance appears to be more effective than that acquired after 
primar}’ infections \%'ith any of the other three malaria parasites of man. 

Nicole and Steel (1926) and J.^mes and Shute (1926) reported that patients 
who were refractor}’ to blood inoculation \rith one strain of P. nVn.v would 
react to mosquito infection ^^•ith another strain. On the other hand, IvIRSCHb.MJM 

*In these figures only the results of primaiy homologous reinoculation are considered, 
so as to exclude the question of any reinforcement of resistance by successive inoculations. 

fit is proposed to discuss the comparath’c effects of inoculations of trophozoites and of 
sporozoites in a later paper. 
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(1927) thought that resistance to blood inoculation acquired against one strain 
was also effective against others. 

James (1931) found, using three different strains of this parasite, that 
complete immunity acquired to one strain conferred no protection (or only 
partial protection as indicated by a modified clinical attack) against reinfection 
with another strain. This finding has been confirmed by several other workers 
in different countries. In Roumania, ClucA et al. (1933) report that the 
resistance acquired is less effective against a new strain. Boyd et al. (1933a, 
1933b, 1933c, 1935) record the absence of any heterologous tolerance developed 
against three American strains. Later these workers (Boyd et al., 1934, 1936) 
modified this opinion, because they found that the attack following heterologous 
reinoculations was often less severe, indicating that there actually existed a 
very definite but less effective resistance to heterologous infection. Mosna 
(1935) in Italy considers that the resistance acquired after infection may confer 
a certain degree of immunity to other strains of the same parasite, as shown 
by (1) an increase in the length of the incubation period, (2) a decrease in the 
severity of the febrile attacks and (3) a tendency for the attack to recover 
spontaneously. 

Most workers now appear to agree that, while a previous infection with one 
strain of P. vivax may cause some modification in a later infection produced 
by a different strain of this parasite, yet the degree of heterologous resistance 
produced is very much less effective than the homologous one acquired. 

It was reported by James et al. (1932) that cases of malaria that had become 
completely resistant to an Indian strain of P. falciparum as the result of repeated 
blood inoculations, developed severe attacks when reinoculated with a strain from 
Sardinia. Boyd et al. (1936) also found that, even when parasites of one strain 
were still present in the blood, no evidence of resistance to superinfection 
with another strain could be observed. The new infection produced a fresh 
attack which might be as severe as the original one. 

The tolerance developed to infections of P. knowlesi in S. rhesus was carefully 
studied by Mulligan and Sinton (1933a, 1933b) and by Sinton and 
Harbhagwan (1935). These workers record the absence of any great degree 
of heterologous immunity between any two of the seven strains of this parasite 
studied. However, the clinical manifestations of such heterologous superin- 
fections or reinfections showed, in some instances, a tendency to be less severe 
than those of primary attacks of the disease. This suggests that a slight degree 
of resistance had been acquired as the result of a previous heterologous infection. 
When an animal survived the results of infection with t\vo or more of the strains 
of P. knowlesi employed, it was found that a tolerance developed, which, while 
it did not prevent the acquisition of infection with some of the other strains, 
yet sufficed usually to protect the animals against the very severe clinical 
manifestations almost invariably seen in susceptible hosts. It was suggested. 
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therefore, that some of the strains used are not made up of a single immunity- 
producing or antigenic factor, but are composite. The effective heterologous 
resistance developed after several heterologous superinfections would be 
explicable on the assumption that most of the strains studied were composed 
of mixed antigenic elements, so that a combination of infections with two or 
more of them became sufficient to stimulate a resistance against the clinical 
manifestations of other heterologous infections acquired later. 

Taliaferro and Taliaferro (1934) report the presence of a high degree of 
tolerance to heterologous superinfection with P. brasilianum in monke 3 fs from 
Central America. It should be noted, however, that this species of Plasmodium 
appears to be less pathogenic than is P. hiowlesi, and it is also possible that the 
animals inoculated already possessed some degree of natural resistance to this 
parasite of which they are the natural hosts. 

These results may be compared with those observed by us in heterologous 
inoculations with P. ovale. As in the homologous reinfections we have confined 
our comparison to those cases who were reinoculated for the first time, in order 
that the question of a resistance reinforced by successive inoculations could be 
excluded. 

Of eight patients reinoculated with blood for the first time after a single 
infection with P. ovale, five developed no further signs of infection, three showed 
parasites and of the latter two had fever. Only one of these, a case which was 
reinoculated about 18 months after the ordinarj^ attack, developed a moderately 
severe infection (Table III, Case 29), but even this was milder than the average 
seen in primary infections (cf. Table I). These results appear to indicate that, 
under the conditions of our observations, a primary infection, with Strain C 
at least, is followed by a very considerable degree of resistance to reinfection with 
blood containing parasites of Strain D, and that this resistance ma}'^ persist for 
many months. 

It is also seen that homologous reinoculation with blood produced infection 
in one out of eleven cases, while with heterologous reinoculation there were 
three out of eight. There were no febrile cases in the former series but there 
were two in the latter. This would seem to indicate that the resistance to 
heterologous reinfection was less effective than that to homologous. In com- 
parison with the heterologous blood reinoculations, among the eighty-six 
primary blood inoculations there were only two apparent failures and in all the 
other cases fever was present {vide Sinton et al., 1939). 

It is evident, therefore, that there is developed after a primary infection 
a very good resistance to the effects of a heterologous blood inoculation of 
P. ovale. This seems but slightly less effective against a heterologous strain of 
parasite than against a homologous one. 

As in the case of homologous reinoculations, the resistance developed 
against heterologous ones appears to be somewhat less powerful against the 
•effects of reinoculation with mosquito parasites as compared with blood ones. 
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Of twelve primar}^ infections reinoculated for the first time ufith mosquito 
parasites, nine developed parasitic infections and of these eight showed fever. 
In every instance the infections were much milder than those seen in primary 
infections by mosquito parasites, as regards the intensity and duration of both 
fever and parasites. 

Nine other cases, whose resistance to heterologous reinfection may have 
been reinforced by previous homologous reinoculation, were also studied. 
Four showed no evidence of infection, while all the other five had but a ver^’^ low 
grade of parasite prevalence. In only ttvo cases did fever develop. These 
results indicate that it is possible to develop a highly effective degree of hetero- 
logous immunity against some of the strains of P. ovale used in our work. 

If the cases of homologous reinoculations with sporozoites be compared 
with heterologous ones {cf. Tables 11, Cases 12 to IS, 21, 22 and Table III, 
Cases 33 to 38, 40 to 43, 53, 54), it will be seen that eight out of nine in the 
former group developed parasitic infections detectable in the peripheral blood 
as compared with nine out of twelve in the latter. The intensity and duration 
of the parasitic prevalence was not verj'^ different in the two series. The clinical 
manifestations were, however, less mild after the heterologous infections : 
(f) while only three of the homologous cases developed fever, eight of the 
heterologous did, («) the average duration of fever for all the former cases was 
about 1 day (average 3-6 days per febrile case) as compared vith about 4 days in 
the latter (average 5-6 days per febrile case), and {in) of the three febrile homo- 
logous cases only one showed a maximum temperature over 102° F. as compared 
with five out of eight among the heterologous. These results suggest that, 
while there is considerable resistance to heterologous reinfection, as shown 
both by a diminished intensity of the parasitic infection and by a decrease in the 
degree and duration of the febrile manifestations, this resistance does not show 
itself to be so effective against the pathogenic effects as against the parasites, 
I'.e., there seems to be in the heterologous immunity a more effective anti-parasitic 
element than an anti-toxic one {vide Sinton, 1938). 

There seems to exist, therefore, a relatively high degree of resistance to 
heterologous reinoculation betAveen the strains of P. ovale tested b}"^ us. This 
appears to be more effective than that recorded after primarj'^ infections of either 
P. vivax or P. falciparum in man, or P. knowlesi in the monke)^ 5. rhesus. It 
appears to be more nearly akin to that recorded after knowlesi infections in man 
and after brasilianum infections in certain American monkeys. In the former 
instance, however, knozvlesi is not a natural parasite of man, while in the latter 
the element of natural immunity, such as occurs in negroes against some malarial 
infections, was probably present. These tAvo circumstances cannot be excluded 
in making a comparison AATth ovale infections. 

This high degree of heterologous immunity appears to be explicable on the 
assumption that a A^ery large proportion of the immunity-producing or antigenic 
factor in each strain AA’as common to all the strains of P. ovale studied by us. 
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The heterologous element seemed to be so small in these strains as to make them 
almost identical immunologically.* 

In evaluating the results of this work, it must be remembered, however, 
that (1) none of the four strains used came from the eastern side of Africa, 
where this species appears to be most common, (2) in our strain cross-immunity 
tests the more recently isolated strains were tried against the older ones and not 
vice versa also, as was the case in the work of Mulligan and Sinton (1933a, 
1933b) on P. knowlesi, and (3), in most of the heterologous reinoculations made 
with mosquito parasites, only Strain D was employed. What influence these 
factors exerted in determining the results recorded above it is impossible to say, 
in our present state of knowledge. 

Conclusions. 

(i) A high degree of resistance to reinfection with a dilferent strain of 
the same parasite, is developed after a primary infection with P. ovale. 

(ii) This resistance almost equals in its efficacy that developed against 
homologous reinoculation. 

(iii) The degree of heterologous resistance acquired appears to be relatively 
greater than that observed after infections with either P. vivax or P. falciparnm. 


(C) Conclusions. 

Under the conditions of our experiments, the following tentative con- 
clusions appear to be justifiable in relation to the four geographical strains of 
P. ovale studied by us : — 

(1) A considerable degree of resistance to the effects of reinoculation 
with the same species of Plasmodium, is acquired as a result of a primary infection 
with P. ovale. 

(2) This resistance reaches a high degree of efficiency against reinoculation 
with the same strain of parasite. 

(3) A comparatively high degree of resistance to reinfection with a different 
strain of the same parasite is also developed after a primar)'^ infection with 
P. ovale. This seems only slightly less efficacious than that developed against 
a homologous strain. 

(4) The resistance to reinfection with both homologous and heterologous 
strains of P. ovale appears to be more highly developed after a primary infection 


•The febrile manifestations obser\'ed with infections of Strain .A. appeared tf) be 
slightly more severe than those observed with the other three strains. 
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of this parasite than it is in the case of infections with either P. vivax or 
P. falciparum. 

(5) The four strains of P. ovale studied by us appear to be very closely 
allied immunologically. 
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FURTHER OBSERVATIONS ON THE SEASONAL INFECTIVITY 
OF MOSQUITOES AS DETERMINED BY A STUDY OF THE 
INCIDENCE OF INFANTILE MALARIA. 

BY 

C. STRICKLAND M.D., 

Professor of Medical Entomology 

AND 

S. C. SEN GUPTA, D.T.M. 

AND 

P. C. MAZUMDAR, 

From the School of Tropical Medicine, Calcntta. 


A paper on this subject was submitted by Strickland and Sen Gupta 
(1936)* and this report includes the observations of an additional period of 
2 years. 

The enquiry- is being mainly carried on at Hope Tea Estate in the North 
Bengal Duars, and we wish to thank Dr. S. J. Baird, the visiting Medical Officer, 
for his kind help in every way. 


* Strickland, C. S: Sen Gupta, S. C. (193(1). 'Fhe seasonal infcctivity of mosquitoes 
as dctcmiincd bv a study of the incidence of infantile malaria. T;vms. R. Snr. Imp. 
Med. Hyg., 30, '2-1 5. 
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It will be seen that of the children born in the cold weather about 23 per 
cent, developed malaria within 70 days, in the hot weather about 43 per cent, 
and in the rains about 43 per cent. 

This, of course, is not conclusive evidence that there were fewer mosquito 
inoculations in the cold weather or that there were the same number in the hot 
weather as in the rains, because the factor of latency might have been operative 
to a variable extent at the different seasons. 

As all children, however, developed malaria within a year we have been 
enabled in Table IV to calculate, in respect of each season, the average time after 
birth before infection became manifest. In this table also the figures previously 
submitted have been combined with the more recent series. 

It will there be seen that of those born in the cold weather the average 
time of the first fever after birth was 120 days, in the hot weather 106, and in the 
rains 106 days. 


T.able I\'. 


Season. 

Number of Children. 

Total Days. 

Average. 

Cold weather — 




1934-35 

35 

3,735 


1936-37 

32 

4,231 


Total 

67 

7,966 

120 

Hot weather — 





23 

2,100 



26 

.3,105 



49 

5,205 

106 

Rains — 




1934-35 

42 

3,406 


1936-37 

34 

4,659 


Total 

7G 

8,005 

100 


The cold weather is therefore indicated as being the season when either 
less mosquito inoculation occurs or incubation in the infant is delayed, while 
the hot weather and rains are shown to be equally infective for the infant. 

These conclusions, it is satisfactor}-^ to note, do not traverse those drawn in 
our previous paper on this subject. 

One must recall now that above it was presumed that all the infants derived 
infection through mosquito-inoculation but there is, of course, the possibility 
that any or all of them were subjects of congenital malaria. 
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Consideration of this matter could not have been better set forth than 
it was in the paper read by Dr. Garnham* and in the discussion that followed at a 
meeting of the Royal Society of Tropical Medicine and Hygiene in May, 1938, the 
general consensus of opinion being that, while congenitally-acquired malaria 
no doubt sometimes arises, it must be of great rarity and that certain of the few 
reported cases could be explained by Garnham’s dictum : — 

“ It is extraordinarily easy for contamination of the infant’s bloodslide to 
occur from a highly infected mother’s blood and this fallacy should be excluded 
in every investigation.” 

One need not here restate the reported instances of what might have been 
congenital malaria, but to them must be added here the following recordsf 


Table V. 


Serial 

No. 

Infant 

No. 

Estates. 

Born on 

Developed 

Malaria 

on 

After 

No. of Days. 

Species of 
Plasmodium. 



Hope 

7.4.36 

14.4.3C 

7 

vivas 



Tandoo 

21.11.37 

28.11.37 

7 




Grassmore 

1.5.3.38 

21. .3.38 

G 




Hope 

13.7..38 

18.7.,38 


falciparum 



Grassmore 

21.9.37 

24.9.37 

3 


G 

140 

’■ 

29.9.38 

29.9.38 

15 hours 



that would appear to have a good title to consideration as cases so acquired, 
in each of them the child having “ clinical malaria,” and malarial parasites 
being found microscopically ; it is difficult to believe that mosquito infection 
was responsible for any of them. 


Conclusion. 

The statement made above on the assumption that mosquito inoculation 
was responsible for all of the recorded cases of infantile malaria in the Bengal 
Duars, must be prejudiced by the existence of certain evidence of congenital 
malaria ; but in view of the consensus of opinion in the discussion cited above, 

^Garnham, P. C. C. (1938). The pl.icenta in malaria with .special reference to 
reticulo-endothelial immunity. Trans. E. Soc. trap. Med. Hvf;., 32, 13. 

fVidr also Stricki.and, C. & Baird, S. Y. (1939). Early infantile malaria. Erit. 
Vied, y., 979. 
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suggestions are now offered as a working hypothesis on which to base measures 
of malaria control in the Bengal Duars. 

These conclusions are : — 

(t) That every child born in this locality may develop mosquito-borne 
malaria within a year of birth ; 

(ii) Infection by the mosquito may occur in practically every month of the 
year ; 

(m) The rate of mosquito inoculation appears to be rather lower in the cold 
weather (November to February-), while that in the hot weather (March to June) 
is about the same as it is in the rains (July to October) ; 

(w) The average period before an infant born in any of these seasons 
develops malaria was slightly longer in respect of those born in the cold weather 
In the other two seasons the figure was the same. 
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THE SPLENIC REACTION IN KALA-AZAR*. 

BY 

T. BHASKARA MENON, M.D. (Madras), D.Sc. (Edin.), M.R.C.P. (Lond.). 
(From the Pathology Department, Edinburgh University.) 


Introduction. 

As early as 1882 under the name kala-jJmar (death fever) a type of tropical 
splenomegaly occurring endemically in certain parts of India had attracted 
attention. It was first regarded as a post-anaemic splenomegaly following 
ancylostomiasis (Giles, 1890) and later as a special type of virulent malaria 
(Rogers, 1897). Leishman (1903) first observed the causative organism at 
autopsy and regarded it as involution forms of a trypanosome. Independently, 
Donovan (1903) in Madras obtained the organisms both at autopsy and by 
puncture of the spleen during life and described it as quite distinct from trj’pano- 
somes. L.averan and Mesnil (1903) sugge.stcd that the para.sites belonged 
to the genus Piroplasma. However, Ross (1903) allocated the organisms to a 
separate genus Lcishtnania and they were subsequently known as Lcishmania 
donovntii (L.averan and Mesnil, 1903). 

'Part of a thesis on “ Pathological studies in Splenomegaly ” for the degree of D.Sc. 
of the University of Edinburgh. 

I'hc author’s thanks are due to Prof. .A. itlUHR.AY Dre.VNAN for his helpful criticism. 
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In his histopathological studies Christophers (1904) demonstrated the 
affinity of the parasite for endothelial tissues of the spleen and the liver where 
they underwent intracellular multiplication followed by rupture of the infected 
cell and invasion of neighbouring cells. These observations were confirmed by 
Statham (1905) who pointed out that the parasites were always intracellular 
in the endothelial and reticulum cells of infected organs and that the mono- 
nuclear cells and occasionally the polynuclear leucocytes were invaded. Further 
pathological studies of Nicolle (1909), Visinteni (1910), Lombardo (1913), 
Dionisi (1913), Jemma and Di Cristina (1914) and others pointed to the 
similarity of the lesions of the infantile type of the disease of the Mediterranean 
coast to those of Indian kala-azar, while Nicolle and Laveran (1913) established 
that the parasite Leishmania infantum Nicolle (1908) and Leishmania donovani 
(Laveran and Mesnil, 1903) were identical. Knowledge has also been gained 
regarding the extent and the distribution of the pathological lesions by the 
experimental transmission of kala-azar to dogs, rats, cats, mice, guineapigs 
and monkeys, both in Europe and in India. In most cases a transient leish- 
maniasis resulted. In China, Young, Smyly and Brown (1924) have demon- 
strated the extreme susceptibility of the hamster as an experimental animal and 
Meleney (1925) and Cash and Hu (1927) have shown that in infected hamsters 
the disease is essentially a parasitic invasion of the clasmatocyte system of 
cells in the body and that the spleen, the liver, the bone marrow, the lymphoid 
tissues, the intestinal sub-mucosa, the testes and even the subcutaneous tissues are 
involved. 


Material and Methods of Study. 

The material for the present study was obtained from ten autopsy specimens 
in Madras. The time of autopsy varied from 18 to 24 hours after death. The 
specimens were all fixed in formol and mounted in glycerine and water, and so 
difficulty was met with in obtaining sections suitable for demonstration of 
leishmania. Stained smears were available in some cases while in others there 
were records of the finding of parasites. For sections, thin slices of tissue about 
3 to 4 mm. in thickness were washed in running water for 24 hours to remove 
the glycerine and formalin ; they were then post-fixed in Helly’s fluid and 
sections obtained after paraffin embedding. Frozen sections were stained and 
studied for the presence of fat and haemosiderin. The material in nine of this 
series was from cases of kala-azar where an exact diagnosis was made after 
examination of spleen smears. In one case, with a co-existing cirrhosis of the 
liver, the parasites were accidentall}’^ discovered in sections. 

The following staining methods were used : (1) Mayer’s haemalum and 
cosin, (2) Turnbull’s modification of Jenner’s stain for tissues, (3) Giemsa’s 
stain for tissues as modified by Wolbach, (4) Wilder’s modification of Foot’s 
stain for reticulum, (5) Foot-Menard stain for reticulum, (G) Perlc’s Berlin blue 
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reaction for haemosiderin, (7) Sudan III stain for fat, (8) iron haematoxylin stain 
in a few cases, (9) modification of Leishman’s stain for tissues. 

It was found that the Romanowsky stains were best for the demonstration 
of the parasites, if the staining was prolonged. A formol precipitate was present 
in many specimens but the histological detail could be well studied in spite of 
this. 


The Spleen. 

MORPHOLOGY. 

The splenomegaly was sometimes extreme, with the spleen extending down 
even to the pelvis. In this series of cases, the weight varied from 18 to 70 oz. 
(509 to 2,016 grammes). In an analysis of autopsy records in South India 
(Menon, 1934), the maximum enlargement recorded for the disease was 80 ok. 
(2,265 grammes). March.^nd (1927) records a maximum of 1,710 grammes 
while the figures given by Meleney (1925) varied from 485 to 1,355 grammes. 
Perisplenitis was not, as in chronic malaria, a common feature. In two 
cases in this series, it was due to complications. Gross capsular thickening 
and fibrosis were not common. On the other hand, the capsule was generally 
thin and stretched and usually transparent showing the pulp shining through. 
Brahmach.-vri (1926) has mentioned infarcts as common, but they were met 
with only in one of this series. In infantile kala-azar, Giraud and Poursines 
(1934) found none in thirteen cases. The shape was generally well preserved, 
but on section the pulp was more or less soft and bulging so that the trabeculae 
and Malpighian bodies were obscured. The swelling of the pulp was so marked 
that in some cases a puncture through the capsule resulted in the herniation 
of a small bead of pulp. A tear could easily be made, emphasising the danger 
of movement during the operation of diagnostic spleen puncture. The pulp 
was of a reddish violet colour when fresh, but had faded to a dark grey after 
fixation. It was very friable, and in fixed specimens had a granular appearance. 
In some cases, the pulp was frankly diffluent. A firm consistence was met with 
only in two cases which were probably chronic. Exceptionally, the Malpighian 
bodies appeared as greyish pin-points. The splenic vessels at the hilum showed 
as a rule no gross changes except slight enlargement and widening of the lumen. 
Phlebitis was not met with. 


microscopic FE.ATCRES. 

Histologically the thickness of the capsule varied from 80 to 100/t. Marked 
thickening was met with only in two cases. The collagen fibrils appeared 
.swollen from oedema and showed poor nuclear staining. 'J'he elastic fibrils were 
thin and stretched. Occasionally a few lymphocytes and mononuclear cells 
had wandered into the capsular tissue. The changes in the trabeculae were 
similar. Softening from oedema and poor nuclear staining were common. 'I’here 
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oval, rounded, or irregular rings or coccoid bodies where the chromatin could 
not be distinguished. Often the more superficially placed parasites appeared 
black while the deeper ones showed nuclear staining. That this was a definite 
fixative effect could be demonstrated by comparison with fresh stained smears 
where the black coccoid appearance was not seen, but the parasites appeared 
well stained. The parasites appeared in sections much smaller than in smears 
owing to shrinkage caused by the fixative. The cytoplasm and the parabasal 
body were only feebly stained. Intracellular multiplication was by binary 
fission, though sometimes in smears owing to rapid nuclear division forms were 
met with where the cytoplasm had not completely separated, an appearance 
which has been mistaken for schizogony. Free parasites were ver}"^ few and found 
only around ruptured cells, suggesting that that cycle of development in the body 
was intracellular. In one case the effect of an old malarial infection in inter- 
fering with the activity of the pulp cells was shown by the relatively few 
leishmania that had invaded the cells of the pulp and the free histiocytes. 

Discussion. 

KALA-AZAR AS A RETICULO-ENDOTHELIOSIS. 

The extent and the distribution of the parasites in the spleen offer a parallel 
to the distribution of dyes such as isamine blue, trypan blue or lithium carmine 
when they are injected intravenously into the circulation, with the difference that 
the primitive reticular syncytium also appears to be invaded. The leishmanial 
infection and intracellular multiplication are most marked in the reticulum of the 
pulp and the large mononuclear cells derived therefrom — in other words the 
fixed histiocytes and the free histiocytes of the spleen. The mononuclear 
cells within the sinuses show a varying extent of parasitic invasion, probably 
associated with the varying size and activity of the cell. Occasionally many 
cells are found which are not parasitized at all, while giant mononuclear cells 
appear which are loaded with leishmania. A careful study of the distribution 
of the parasite within the littoral cells has demonstrated that these cells are 
invaded to a lesser degree than the reticulum of the pulp and the pulp histiocytes, 
though Aschoff (1924) in his classification of the reticulo-endothelial system 
regards the reticulum as less active than the littoral cells of the sinuses. Further, 
in blood films in cases of kala-azar the large mononuclear cells (the “ true ” 
monocytes) show parasites in very small numbers as compared with the large 
phagocytic cells of the spleen pulp. I^ishnan, Lal and Napier (1933) in their 
haematological studies claim that, by supravital staining, these cells can be dis- 
tinguished in the blood in kala-azar, and that they appear in varying proportions 
in the beginning and at the end of infection. Whatever be the histogenesis of 
these cells, there seems to be some support for the view of Cunningham, Sabin 
and Doan (1924) that there exist in the spleen pulp two types of phagocytic 
cells which vary in the degree of their functional activity. That the adventitial 




Fig. 1. (X 110.) Case 
II showing the slight 
fibrillary increase of the 
capsule and the cellu- 
larity of the pulp. 
(Haemalum and eosin 
stain.) 


Fig. 2. (x 110.) Case 
11 showing the atrophy 
of a Malpighian follicle 
with a slightly hyaline 
node in the centre j 
note the absence of any 
“ fibro-adenie.” 
(Haemalum and eosin 
stain.) 


To face .‘•0 



Fig. 3. (x 500.) Case 
11 showing the cytoplas- 
mic increase of the pulp, 
the swelling of the pulp 
mesh and the sinus 
reaction with swelling 
of the littoral cells and 
differentiation into 
macrophages. 
(Haemalum and eosin 
stain.) 


Fig. 4. (x 700.) Case 
II showing the loose 
reticular mesh without 
any marked thickening 
or increased branching. 

(Foot- Wilder stain.) 





Fig. 5. ( x 1,500.) 

Case VIII showing 
two large mononu- 
clear cells heavily in- 
vaded within the 
sinus ; the littoral 
cells show only slight 
invasion. 

(Haematoxylin and 
eosin stain.) 


Fig. 0. (X 1,500.) 
Case VIII showing 
the parasitic invasion 
of the cytoplasmic 
reticulum, the macro- 
nuclei showing up 
like cocci surrounded 
by faintly stained 
cytoplasm. 
(Macmatoxylin and 
eosin stain.) 
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Histology of Spleen— Cases 1-10. 


Clinical 

Abstract. 

Autopsy Abstract. 

Morphology of 
Spleen. 

Capsulo-trabecular 

Thickening. 

Malpighian 

Follicles. 

1 Irregular fever ; 

1 splenomegaly ; 
j cancrum oris 

I 

Cancrum oris ; right tonsil 
enlarged ; enlarged glands 
neck ; dilated heart ; splen- 
omegaly ; C.V.C. 

{880 grammes.) Pulp 
bulging 

Nil 

Small 

1 Irregular fever ; 
splenomegaly ; 
oedema, legs ; 
enlarged cer\'i- 
cal glands 

Enlarged cervical glands ; 
splenomegaly ; fatty heart ; 
terminal dysenterj' 

(880 grammes.) Pulp 
bulging ; pinkish ; 
no siderolic no- 
dules 

No thickening ; 
oedema; trabecu- 
lar lymphocytic 
infiltration 

Small 

Irregular fever ; 
cough ; enlarg- 
ed tonsils & cer- 
vical glands ; 
oedema legs 

Lobar pneumonia ; heart 

cloudy swelling ; foetus in 
utero ; splenomegaly 

(509 grammes.) Fri- 
able pulp ; violet 
colour 

Old perisplenitis 
thickening (100- 
200) 

Atrophy 

j Irregular fever ; 

I splenomegaly 

i 

i 

Lobular pneumonia ; dilated 
heart ; splenomegaly ; 
C.V.C. 

(1,448 grammes.) 
Capsule opaque ; 

1 pulp soft and bulg- 
1 ing 

j 

Nil. Slight trabe- 
cular infiltration 

Normal in size 

i 

1 

No historj’ avail- 
ab le ; Old 
museum speci- 
men 

Showing parasites in smear 

i 

16-5 X 10 X 5 cm. 
Pulp diffluent; pur- 
plish violet ; no 
siderolic nodules ; 
slight thickening of 
splenic vein 

Nil. Oedema 

Atrophy 

Irregular fever ; 
healed cancrum 
oris 

Peritonitis ; splenomegaly ; | 
infarction 

1 

1 

(1,305 grammes.) 
Pulp greyish ; in- 
farcts 

Thickening of cap- 
sule (100) trabe- 
cular thickening 

Some atroph- 
ied ; others 
show germ 
centres 

j Irregular fever ; 

splenomegaly ; 

) liver cirrhosis 

Cirrhosis liver with enlarge- 
ment ; broncho-pneumonia; 
spleen enlarged 

(2,017 grammes.) Ad- 
hesions ; firm and 
fibrous ; splenic 
vein thickened 

Capsule 100 ; tra- 
beculae thick ; 
oedematous ; 
slight lymphoid 
infiltration 

Atrophy peri- 
arterial fibro- 
sis 

1 

] Bacillary dysen- 
’ tery ; spleno- 
megaly ; fever 

1 

Lobar pneumonia ; chronic 
ulcerative colitis ; cloudy 
swelling of organs ; kala- 
azar liver ; spleen 

(010 grammes.) Pulp 
diffluent ; congest- 
ed capsule ; opaque 

1 

1 

Nil. Oedema. 

Normal in size 

1 

' Treated before 

1 for kala-azar ; 

, readmitted for j 
' dysentery; 

1 spleen and liver 
enlargement 

i 

Amoebic dysenter>' ; kala- ■ 
azar liver and spleen ; cloudy ^ 
swelling of all organs ] 

i i 

[ 

(712 grammes.) Pulp 
soft and bulging ; 
violet colour 

Nil. Oedema 

! 

Atrophy hya- | 
line necrosis I 

i 

, i 

' i 

Irregular fever ; | 
, splenomegaly j 

Enlarged liver ; broncho- 
pneumonia 

(1,985 grammes.) 
Adhesions firm pulp j 

1 

Capsular thicken- j 
ing (2S0), oedema j 
of trabeculae 1 

Atrophy ' 

i 

1 


I 
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(C.V.C. = chronic venous congestion) 


Sinus Reaction. 

Free Cells. 

Reticulum. 

Pulp Cord 
changes. 

Leislunania 

Distribution. 

1 Lcishmania 
in Smear 
of Pulp. 

Littoral hyper- 
plasia 

Lymphocytes ; 
erythrophago- 
cytes 

No increase 

Thick cords with 
histiocyte differ- 
entiation 

Cytoplasmic reticulum + -fi 
and histiocytes +-}- 

+ 

Littoral hyper- 
plasia 

Large histiocy- 
tes ; plasma 
cells ; erythro- 
phagocytes 

No increase 

Thickening ; his- 
tiocyte differen- 
tiation; vacuola- 
tion of reticulum 

Cytoplasmic reticulum ++; 
histiocytes -f-ri- ; littoral 
cells -h 

+ 

Littoral hyper- 
plasia ; differen- 
tiation 

Lymphocytes ; 
mononuclear 
cells ; plasma 
cells 

Slight perifol- 
licular in- 
crease 

Thickening ; his- 
tiocyte differen- 
tiation bladder- 
like cells 

Cytoplasmic reticulum -|-+; 
histiocytes -}-+ ; littoral 
cells -h ; lymphoid reticu- 
lum -t- ; perivascular cells 
+ 

+ 

Slight littoral re- 
action ; slight 
congestion 

Mononuclears ; 
lymphocytes ; 
erythrophago- 
cytes 

Slight perifol- 
licular in- 
crease 

Thickening ; his- 
tiocyte differen- 
tiation haemosi- 
derin 

Histioeytes + + -h ; syncy- 
tium + + + ; littoral cells 
+ ; lymphoid reticulum -h 

+ 

Slight littoral dif- 
ferentiation 

Microtic mono- 
nuclears ; lym- 
phocytes ; plas- 
m a cells; 
eosinophiles 

Slight periar- 
terial increase 

Thickened mark- 
ed histiocytic 
differentiation ; 
foamy degenera- 
tion 

Histiocytes + -f + ; syncy- 
tium + + +; littoral cells 
-h ; lymphoid reticulum + 

+ 

Littoral differen- 
tiation 

Mononuclears ; 
plasma cells 

Moderate in- 
crease ; peri- 
arterial fibro- 
sis 

Thickening ; fi- 
brosis slight 

Few in number ; in histio- 
cytes of pulp 

+ 

Dilatation ; litto- 
ral diffcrentia- 
j tion marked 

Lymphocytes ; 
eosinophiles ; 
crythrophago- 
cytes 

“ Fibroadeni”; 
subcapsular 

Thin ; histiocytic 
differentiation 

Cytoplasmic reticulum -1-+; 
histiocytes + + 


Littoral hyper- 
plasia ; differen- 
tiation 

1 

Lymphocytes ; 
mononuclears ; 
plasma cells 

1 

Slight increase 

1 

1 

Thick ; hyper- 
plastic ; histio- 
cyte differentia- 
tion; cell 
accumulation 

Cytoplasmic reticulum 
-i- + -f- ; cndothelia of 
■ veins +1 littoral cells -h + 

+ 

i Littoral hyper- 
' plasia 

1 

M o n o n u clear 
cells ; crj'thro- 
phagocytes 

1 

j 

Slight increase 

Thick ; histiocyte 

differentiation ; 

kan'olysis 

■ 

Cytoplasmic reticulum 
+ + + ; littoral cells 

+ + ; l>Tnphoid reticulum 
+ ; “ bladder ’’ cells 

+ 

I-ittoral hyper- 
plasia 

I 

■ Lymphocytes ; 

; mononuclears ; 
plasma cells 

Slight periar- 
terial fibro- 
sis ; slight 
general in- 
crease 

1 

Thick hyperplas- 
tic clumps of 
malarial pigment 

Histiocytes +4--f- ; littoral 
cells + : lymphoid reticu- 
lum + ; malarial pigment 
+ 

+ 
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VACCINATION AND IMMUNITY AGAINST ORIENTAL SORE. 

BY 

D. A. BERBERIAN, M.D. 

From the Department of Parasitology, School of Medicine, American University of Beirut, 

Beirut, Lebanon. 


Introduction. 

In a previous paper (Berberian, 1938) we reported the successful trans- 
mission of cutaneous leishmaniasis by the bites of Stovioxys calcitratis. To 
carr}' on transmission experiments it was necessary to us to have an easily acces- 
sible source of infection, since it was difficult to induce patients with oriental 
sores to submit to experimental feeding by various insects, and it was almost 
impossible to get the consent of the patient and of the volunteer and to pro\*idc the 
insects required for transmission — all at the same time. Toprovideareadysource 
of material, the author, on 13th .April, 1937, infected himself on the lateral aspect 
of the right thigh, about 10 cm. above the knee-joint, by injecting O-I c.c. of 23 
days old primary' culture of Lcishviauia iropica grown on N.N.N. medium. The 
suspension was prepared by adding 0-2 c.c. of sterile saline to a tube of culture. 
This strain of L. tropica had been isolated on 21st March, 1937, from one of 
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eight sores on the arms of a Russian refugee who had recently arrived from 
Baghdad. It was intended to receive the injection intracutaneously but accident- 
ally the injection was given subcutaneously. For a fortnight there was no 
evidence of a take at the site of this injection, and, fearing that it would not take,- 
a second strictly intracutaneous inoculation was made. The re-inoculation 
\vas made on 29th April, in a corresponding site on the opposite thigh, with 
0-1 c.c. of a 14 days old first subculture from a 25 days old primary culture of 
L. tropica. At the site of this second injection a wheal appeared within a 
few minutes. The wheal soon subsided, but the swelling and redness 
decreased slowly over a period of several days to a small flat papule about 2 to 

3 mm. in diameter. On 29th May, 1 month after the inoculation, it was about 

4 to 5 mm. in diameter. On 15th June, a smear which was made from the 
papule showed numerous leishmania. This lesion was photographed (Fig. 1) 
and used for transmission experiments with S. calcitrans, Musca domestica, 
Phlebotomiis papatasii, and Cimex rotundatiis. A detailed report of the trans- 
mission experiments with insects will be published at a later date upon the 
conclusion of current experiments. 

The experimental lesion which resulted from the intracutaneous inoculation 
of L. tropica culture grew verj'^ slowly, and 4 months after the inoculation it was 
markedly elevated and about 1 centimetre in diameter. About the 5th month, 
the surface of the papule thinned and began to ooze and crust. The lesion 
was not at all painful, unless bumped against a hard object. It reached its maxi- 
mum size 7 months after the inoculation, and at that time it was about 27 mm. 
in diameter, and then began to regress gradually. (Fig. 2.) About a year 
after the inoculation the sore healed spontaneously. (Fig. 3.). 

There was no evidence of a take at the site of the first subcutaneous inocula- 
tion until 10th October, approximately 6 months after vaccination, at which date 
the author felt a small lump which was not associated with an}’’ tenderness 
or redness. Fifteen days later the swelling was more marked and some redness 
was apparent. Thereafter the sore developed rapidly, and about a month after 
its appearance, 7 months after the injection, it began to ooze slightly and crusted. 
At this time it was about 20 X 15 mm. (Fig. 4). Thereafter it gradually 
regressed and healed spontaneously within three more months, that is about 
10 months after the inoculation. 

Encouraged b)"^ the success of these two attempts to experimentally produce 
oriental sores, we decided to tr}’- this method of inoculation on a large number 
of volunteers, using L. tropica cultures of var}dng ages, and if successful, to 
recommend this procedure as a method of vaccination against oriental sore for 
those living in endemic and hyperendemic regions. As it is well known that 
one lesion is usually sufficient to protect one for life against future reinfection, 
we believed that by producing a sore in an inconspicuous part of the body 
we would succeed in protecting the individual against possible lesions on the face 
or other exposed parts of the body and thus safeguard against unsightly scarring. 
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The only serious theoretical objection to this type of vaccination would be 
the possibility, suggested by certain imperfect obsen^ations, of having multiple 
lesions all over the body. In two instances, Kuenzler (1938) and Mills (1938), 
independently vaccinated their children on scarified areas wth material obtained 
from a sore. They stated that their children later on suffered an outbreak of 
multiple lesions on their body. In both instances, however, lesions failed to 
appear at the site of the scarifications, but appeared elsewhere on exposed parts 
of the body. It was probable that, in both of these instances, they inoculated 
their children during the incubation period of naturally acquired infection,, and 
that the multiple lesions which appeared later on were not due to their experi- 
mental inoculations, but to exogenous infection. These children, at the time 
of their inoculation, were Ihing in zones where oriental sore was hyperendemic, 
which would explain the multiplicity of their lesions. 

Another theoretical objection, which might be raised against vaccination 
with living cultures, is the fear that such injections may lead to the development 
of visceral lesions. Adler and Theodor (1930) reported the development of 
visceral lesions in mice after intraperitoneal injections of L. tropica cultures, 
but this occurred with a strain which originated not from an oriental sore but 
from a naturally infected P. papatasii caught in Jericho, and hence not an 
authentic strain of L. tropica. Besides, they failed to produce visceral lesions 
with a Baghdad strain of L. tropica, and they never obser\-ed visceral leish- 
maniasis after cutaneous inoculation of mice. Considering that neither of 
these theoretical objections has a sound basis, our experiments were undertaken. 

Experiments. 

Between April, 1937 and October, 1938, thirty-nine volunteers were 
inoculated with cultures of L. tropica of varj'ing ages. Of these thirty-nine 
volunteers, thirty-four gave no history' of a past infection nor showed scars on 
any part of their body which might have been the result of an oriental sore. 
These were considered as “ susceptible” volunteers, and were used for the 
purpose of producing experimental sores by the injection of cultures : they 
constituted Group I in nurseries. Five volunteers, who constituted Group II of 
our scries, gave a definite history of infection, and, as ” immune ” individuals, 
they were tested for their immunit}* by inoculation of living culture. 

Materials Used for Inoculation. — The strain of L. tropica that was used to 
vaccinate thirty-two of thirty-four volunteers was the one isolated from the 
experimental sore transmitted by the bite of S. calciirans (Bi-iRnERlAX, 1938). 
X.X.X. cultures of L. tropica 4 to 50 days old were used. Sixteen of tlie 
volunteers were inoculated with 4 to 26 days old primaiy- cultures, and the rest 
were inoculated with 10 to 50 days old, first, second or third sul>cukurcs. 
Leishmania suspensions for inoculation were prepared by adding 0-2 c.c. sterile 
saline to an X.X.X. culture, and a loopful of the suspension was examined under 
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the microscope for the presence of actively motile leptomonads and the richness 
of growth. The quantity of inoculum was 0-05 to 0-2 c.c. depending upon the 
richness of the culture. Before injecting, the cultures were always examined 
for the presence of bacteria, and the contaminated tubes were discarded. 

Site of Itijection . — ^All volunteers received their injections on a lower 
extremity, between hip and knee, at a site suggested by them. Most of the male 
volunteers had their injections on the anterior aspect of the thigh, about 15 cm. 
above the knee-joint. The majority of the women volunteers received their 
injections below the hip at a place which would be covered by their bathing 
costumes. Site of injection was not a factor in determining whether or not the 
inoculation was successful. 

Immediate Reaction to Inoctdatiou . — ^None of the volunteers complained 
of any general reaction in the form of fever or malaise after the injections. After 
the injections a few subjects had a local reaction, characterized by redness and 
slight enlargement and tenderness in the inguinal glands, which lasted from 
48 to 72 hours. In no instance was the reaction severe enough to interfere with 
the occupation or comfort of the indiwdual. In most instances the induration 
at the site of injection disappeared within a few days, lea\nng behind a small 
flat violaceous spot. This pigmented area often disappeared within 1 to 5 weeks. 
In those instances, however, in which the incubation period of the experimental 
sore was shorter than 5 weeks, the violaceous spot became indurated, taking the 
form of a small papule. 

Incubation Period . — The length of the incubation period seemed to depend 
primarily upon the depth of inoculation and the dosage of the material inoculated. 
The deeper the inoculation and smaller the dose, the longer was the incubation 
period. The incubation period of the e.xperimental sores in volunteers inocu- 
lated intracutaneously was definitely shorter than in those inoculated sub- 
cutaneously ; the shortest incubation period in the former group was 2 weeks 
and the longest 5 months, whereas in the latter group the incubation period varied 
from 3 to 6 months. 

GROUP I. “ SUSCEPTIBLE ” VOLUNTEERS. 

The thirt 3 '-four “ susceptible ” volunteers received a total of forty-four 
experimental inoculations. Of these thirty-four individuals, five received more 
than one injection, thirty developed typical oriental sores (SS per cent.) ; and of 
a total of forty-four inoculations, thirty-five resulted in positive takes (SO per cent.) 
and nine failed to take. Whenever a volunteer was given more than one injection, 
the injections were made either simultaneously or within less than 20 days, 
in order to avoid possible interference from immunity that might have developed 
from the previous inoculation. Two volunteers were inoculated three times 
each within a fortnight, with first 4, then 10 and then 16 days old primarj" 
cultures. The second and third inoculations resulted in positive takes, whereas 
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the 4 days old cultures inoculated failed to take. In one other volunteer a sub- 
cutaneous inoculation with an 8 days old primary culture of L. tropica also failed 
to take, whereas an intracutaneous inoculation with the same culture resulted 
in a positive take. We have no explanation to offer for the negative results of 
inoculations in four volunteers, with cultures which proved infective to others. 
It seems to be possible that certain individuals have an immunity against the 
disease without gross evidence of having had a previous infection. The fact 
that many persons living in hyperendemic regions, such as Baghdad, Aleppo, 
Mosul and elsewhere, escape infection supports such an hypothesis. 

Up to the time of writing this paper, none of the volunteers have com- 
plained of any discomfort from their experimental sores, in spite of the fact that 
in the majority of them the sores are now in maximum efflorescence (March, 
1939). The sores are not painful, nor do they itch. Some lesions have begun 
to ooze earlier than others. Many of the sores have begun to regress before 
reaching the oozing stage. Some of these experimental sores have been photo- 
graphed and are shown in Fig. 5. 

GROUP II. " IMMUNE ” VOLUNTEERS. 

It is generally recognized that a single oriental sore will confer lasting 
immunity upon the individual having it. In order to confirm this conception, 
we have inoculated five volunteers who gave a history of past infection with 
one or more doses of live cultures of L. tropica. None of these volunteers 
developed oriental sores when inoculated with cultures which proved to be 
infectious to susceptible volunteers, indicating that naturally acquired immunity 
against infection with L. tropica is a solid and lasting immunity. Inasmuch as 
the experimentally produced sores are in cvtry way comparable with sores 
acquired by the natural route, we assume that the immunity acquired thereb}^ 
must also be solid and lasting. 

Local Reaction in Immtme Individuals . — The local response of immune 
individuals to inoculation is quite different from the one seen in the case of 
susceptible individuals. In four out of five of these immune volunteers there 
developed at the site of the injection an immediate allergic reaction, urticarial 
in type with a wheal which was 15 to 20 mm. in diameter. This reaction 
was followed, 6 to 12 hours later, by a typical delayed reaction. In addition, 
the site of the injection tended to itch and was definitely reddened. 4’he 
wheal usually subsided within an hour, but the swelling lasted 2 to 5 days. 
Often there was tenderness and a slight swelling in the regional lymph nodes. 
In one case, the local reaction was quite severe and was accompanied with 
chill and fever. The temperature came down to normal on the 3rd day. 
The swelling around the site of the injection was about 15 cm. in diameter 
and there was a central haemorrhagic spot. It is interesting to note that 
.5 months later, when the same individual received a dose of T..‘\.B. vaccine, 
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individuals living in hyperendemic areas, wth live cultures of L. tropica. This 
inoculation should be made on an inconspicuous part of the body, so that the 
subject may be protected against lesions on the face or other exposed parts, and 
consequent unsightly scarring. 
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A NEW FOCUS OF ONCHOCERCIASIS OCCURRING IN 

KENYA COLONY. 

BY 

FRANK HAWKING, M.D. (Oxon), D.T.M.* 

Senior Research Fellow in Tropical Medicine of the Medical Research Council, attached to the 

Medical Department of Tanganyika Territory. 


The present paper describes an investigation into a newly discovered focus 
of onchocerciasis occurring in the Kakamega district of Kenya Colony, East 
Africa. Until recently it was considered that onchocerciasis did not occur 
in Kenya Colony, although in 1921, Dry described a chronic skin disease 
occurring in the Kisii and Lumbwa reserves, Kericho district, near the Kipsoni 
river, which was apparently spread .by Sivtuliiim neavei, and which is considered 
by Gibbins and Loewenthal (1933) to be cutaneous onchocerciasis. Preston 
(1935) reported a case of onchocercal nodules occurring in a native who had 
always lived in the Kisii reserve (South Mugrango) except for a period of military 
service during the war in the neighbourhood of Kilimanjaro. Jobson (1939) 
removed an onchocercal nodule from a native aged 50 years belonging to the 
Kakamega tribe. The nodule had first been observed in childhood. The 
patient had lived in his own district until adult life, and subsequently had worked 
in the Kitale, Nakuru and Eldoret districts. About the same time, Harlev- 
IvIason (1939) observed the case of a European, complaining of chronic eye- 
trouble, which was eventually proved to be due to onchocerciasis. This official 
had been stationed at Kisumu, 1931, Kakamega, 1932, Ngong, 1933 and 1934, 
and Kapenguria, 1935 to 1938 ; the eye trouble first began at the end of 1935. 
The same observ-^er was also able to recall a case of similar e 3 "etrouble which 
in the light of present knowledge was almost certainly due to onchocerca, and 
which occurred in another European who had been stationed at Kakamega 
in 1931 ; subsequently he resided at Nairobi, Kitale and Sotik ; chronic 
eye trouble began in 1934.f 

On account of these indications that onchocerciasis occurred in this district, 
the author visited Kakamega in October, 1938, and carried out the investigations 
which form the substance of the present paper. 

“.AcknowIcclRcmcnt."; are due for the great assistance and encouragement received from 
the Director of Medical Scr\-ices, Kenya Colony and from Drs. R. J. Harlev-Mason, 
W. S. IIaynt-S, K. W. C. JonsoN, and G. L. Timms, of the Kenya Medical Department. 

tDr. Maiu.ev-TMason later obsen-ed a third c.asc {loc. cit.). This occurred in a 
European who lived in the Kak.imega district, 1932-3, and 193G-S. Eye trouble began 
in 1935 and still continued in 193S ; small cystic swellings were removed from the scalp 
in 1937, but were not examined microscopically. 
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Geography. 

The town of Kakamega lies about longitude 34° 35' E. and latitude 0° 17' 
N., being about 20 miles north of Kisumu ; the average altitude of the surround- 
ing district is about 1,500 m. The climate is moist and equable, the average 
maximum temperature being 27“ C. and the average minimum 10“ C. The 
rainfall is 195 cm. a year, being fairly Avell distributed throughout the months. 



having maxima in May (2S‘l cm.) and August (25-4 cm.) and minima in January 
(6-3 cm.) and June (15-2 cm.) — these figures being averages for the last 15 years 
(Watson, personal communication). The surface configuration of the region 
is undulating and irregular, being cut up by numerous ravines. These ravines 
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contain rapid streams with numerous small waterfalls and cascades, which would 
appear very suitable for the breeding of Simuliim. Subsequent to the author’s 
visit, specimens of Siimilium were collected on the Isioka river near Kakamega 
(JoBSON, personal communication)*. Several gold mines provide work for 
many of the natives, and form the chief European enterprise in this district. 


Technique. 

In the examination of the natives, the eyes were inspected with an electric 
torch (no expert ophthalmological skill or apparatus being available) and the 
upper part of the body was palpated quickly for nodules. A shaving of skin, 
about 1 to 2 sq. cm. was then taken from the scapular region or from the surface 
of any nodule, and placed in normal saline ; after standing for 15 minutes to 
1 hour, to allow for emigration of the microfilariae, the skin-shaving was removed 
and the tube centrifuged ; the deposit was spread on a slide, dried, fixed and 
stained. At the time of taking the piece of skin, a thin blood-film was also 
made, and was stained with Leishman’s stain for a differential leucocyte count. 
The microfilariae, when found, showed the usual characteristics of Onchocerca 
volvulus. 


Result of Examinations. 

In the first series of natives studied, a selection of 53 persons was made from 
the several hundred available (patients, prisoners, or mine-labourers) according 
to the apparent presence of eye-lesions or of nodules on the head or neck. When 
many of these subjects were found to be infested by the worms, a companion 
series of unselected cases was taken from the patients who were attending the 
local hospital for complaints unrelated to onchocerciasis ; these were chosen 
as a random sample of the general population. The results are given in 
Tables I and II, which show that onchocerca! microfilariae could be demon- 
strated in thirty-three out of the fifty-three selected cases, i.e., 62 per cent., 
and in twenty out of the fifty-three unselected cases, i.e., 38 per cent. Judging 
by the latter figure, it would seem that about 40 per cent, of the natives in this 
region are infested with onchocerca, although probably there are big variations 
between one village and another. 

Eye-lesions. — ^l^he consideration of how far the eye-lesions observed were 
due to the presence of onchocerca is handicapped by the fact that the examinations 
were necessarilj' rather superficial. No special ophthalmological experience 

•These specimens were eventually identified by Mr. E. G. Gidbins, of the Government 
Laboratory Services at Kampala, Uganda, as S. neavei and S', simplex. The occurrence 
of S. vcavci near Kakamega had previously’ been reported by De Meillon (1930). Bequaert 
(1938) states that developmental stages of O. volvulus have been observed in this fly in the 
Lubilash-Sankuru region of the Belgian Congo, where it .appears to be the chief, if not the 
only’, carrier. 
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Table I. 

SHOWING THE EXAMINATION OF 53 SELECTED CASES. 
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Table I — {continued). 


Patient. 

Sex. 

Age. 

Mf. 

Eyes. 

Clinical. 


w. 

per 

B.C. 

cent. 








P. 

L. 

M. 

E. 

LI 62 

M. 

25 

+ + 

Opacity O-G cm. R. cornea. 
Pain and impaired vision 2 
months. Conj. discoloured 
and red 

Healthy 

24 

46 

13 

17 

L712 

M. 


+ 

R. cornea opacity 0-1 cm. L. 
pupil dilated and distorted 

” 

51 

33 

8 

S 

L379 

M. 

25 

+ 

Conj. R.D. Slight marginal 
opacity of cornea 

•• 

30 

51 

11 

S 

D333 

M. 

3.') 

+ + 

L. pupil distorted, 5 days. 
Slight cloudiness of cornea 

” 

51 

41 

5 

3 

L407 

A'l. 

2.0 

+ 

L, eye shrunken since childhood 

” 

34 

59 

0 

1 


SI 60 Papular lichenous rash on back. 

D2G4 Nodule 0'7 cm., below R. scapula containing adult onchocerca. 

D343 Keloid tumours, 3 cm., on jaw. 

S220 Keloid nodules, 1 cm., in scapular region. 

D212 Cystic swelling, 4 cm., on clavicle, since boyhood. 

D299 Diffuse swelling, 7 cm., near 2nd dorsal spine. 

D211 Nodule, 0'5 cm., over 4th dorsal spine. 

L095 Vague swelling, 2'6 cm., over 4th dorsal spine. 

Aduheviations Used. 

D = Detainee. L ■- Mine-labourer. P = Hospital patient. S = Convict. 

Mf. -p = One or two microfilariae. -p -p = Moderate numbers. -p -p -p = Numerous. 
Conj. R.D. = Conjunctivac rough and discoloured. 


or apparatus was available for the study of the eyes, and the search for micro- 
filariae was limited to the examination of a single skin-shaving. In comparing 
the frequency of eye lesions among the different cases, those having a specific 
cause for the lesions, e.g., gonococcal infection or lupus, may be excluded, 
and also the minor lesions such as slight marginal opacities of the cornea or rough- 
ness and discoloration of the conjunctiva, since these are probably due to dust or 
similar causes ; however, pain and impaired vision have been included as 
lesions. Then, in the selected series, eye-lesions occurred in sixteen out of 
thirty cases of onchocerciasis, i.e. 53 per cent., and in ten out of twenty-three 
negative cases, i.e., 44 per cent. In the unselected series, eye-lesions occurred in 
one out of twenty cases of onchocerciasis, i.e., 5 per cent., and in three out of 
thirty-three negative cases, i.e., 9 per cent. Taking the whole group of patients, 
eye-lesions occurred in seventeen out of fifty cases of onchocerciasis, i.e., 34 per 
cent., and in thirteen out of fifty-six negative cases, i.e., 23 per cent. These 
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Table I. 


B. 23 CASES WITHOUT ONCHOCERCA. 


Patient. 

Sex. 

Age. 

Eyes. 

Clinical. 


W.B.C. 
per cent. 




• 


p. 

L. 

AT. 

E. 

S136 

M. 

25 

R. conj. R.D. 

Healthy 

20 

50 

2 

28 

D265 

M. 

30 

Chronic discharge and pain L. 
eye 


40 

38 

10 

12 

S127 

M. 

40 

Scarred ulcer, R. cornea since 
childhood, with blindness 

” 

34 

39 

9 

18 

S106 

M. 

26 

Conj. R.D. 

,, 

47 

37 

10 

6 

D309 

M. 

25 

Small opacity L. cornea and 
deformation of pupil, since 
childhood 


12 

70 

5 

13 

Mangomea 

Al. 

25 

Lupus vulgaris 

Lupus. Strongyloidcs. 

E. colt 

33 

oG 

8 

0 

LC19 

M. 

35 

Conj. R.D, 

Healthy 

35 

48 

0 

8 

S222 

M. 

30 

Ac. conjunctivitis, R. ej’e 

Stools normal 

34 

40 

13 

13 

S172 

M. 

45 

Conj. R.D. arcus senilis 

Healthy 

39 

43 

14 

O 

S121 

M. 

40 

Small opacity L. cornea. Conj. 
R.D. 


35 

5G 

9 

0 

L27 

M. 

25 

Opacity L. cornea since child- 
hood 

” 

37 

29 

8 

20 

Enyanyo 

M. 

5 

Gonococcal panophthalmitis 
bilateral 

ATalaria parasites. Stools 
normal 

34 

51 

13 

O 

S57 

M. 

30 

Ulceration R. cornea in child- 
hood. L. cornea opaque at 
edges 

Healthy 

30 

55 

10 

5 

L371 

Al. 

30 

L. cornea, keratitis punctata 


21 

50 

14 

0 

L1178 

AT. 

20 

Conj. slightly R.D. R. eye 
painful, 1 year 

” 

25 

47 

12 

10 

Angela 

F. 

26 

N.A.D. 

Scaly skin. rTinca 

32 

44 

12 

12 

L217 

AT. 

30 

Lower 2/3 cornea opaque 
since childhood 

Healthy 

40 

31 

14 

0 

L897 

AT. 

20 

Conj. discoloured 


25 

50 1 

5 

II 

L-1G2 

AT. 

35 

„ R.D. 


40 

40 i 

5 

0 

L229 

AI. 

25 

„ discoloured 


21 ; 

00 ; 

0 

4 

LI 4 2 

AI. 

25 

., R.D. 

i 

\ 

! 

40 1 

1 

27 : 

i 

i 

i 

10 


Lins showed flat nodule, 1 cm,, in skin over ripht eyebrow. 


Abbr: viation's Usrn. 

D Detainee. L Minc-Ial’ourer. I* - Hiv.pital I’.itient. .S - Convict. 

Conj. R.D. - ■ Conjunctivac rouch and discoloured. 
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Table III. 

SHOWING THE GEOGRAPHICAL DISTRIBUTION OF THE CASES STUDIED. 


Tribe or 
Location. 

Chief or 
Village. 

Cases. 

Positive. 

Negative. 

Kakamega 

Kakamega Town 

D220, D270, D160 



Laurenti 

D307, P1121, P1542 

S136 


Sore 

Shivachi 

D267, P1338, D216, 
P1336 

S166, P1544, P1335, 

P1497 

Butsotso 

Mutsembi 

P1490,S230,P1566 

P1516 

Tiriki 

Amiani 

D264, D343, S174, 

S74 


Odanga 

D354 

P1410, P1541 

P1528, P1515, P1017, 

Maragoli 


S226, D338, D297, 

S207 

D255, S127, S106 

Kisa 

Munubi 

Jeremiah 

D316, L933 

P1049 

D231, D212, D299, 

D309, P1345 

Bunyore 


D295, D211, L138 
D313, D318 

Mangomera,L619,P1362 


Zakayo 

P1510, P1511 

S220 

Wanga 

Osundwa 

PI400, S126 

S222 

AIukulu 

Makare 

S221 

SI72, S121, L27, SI94, 

Marama 

Daudi 

L695 

PJ498 

P1460, P156I, P1652, 
P1445 

P1564 

Buholo 

Petro 

Zephaniah 


P1512, P1532 

Enyanyo, S57, P1643 

Marach 

Laurent 


P1244 

Buhayo 

Hezekiah 

S155 

P1385 

Kitosh 

Alalikisi 


P1462, P1314 

Itesio (Wamia) 

Kimili 

Bunyasata 


P1541, P1406 

P1475. P1396, P1638 

Central Kavirondo 

Kisumu 

LI62 

L371, LI 178, Angela, 

Kano 

Rangala 

L712, L379 

P1609, P149I, Manyo 
P1614 

L217, L897 

Nyakatch 

— 


L442 

South Kavirondo 
K adowa 

— 


L462, L229 


D = Detainee. L = Mine-labourer. P = Hospital patient. S = Convict. 
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causation of the eye-lesions by the onchocerciasis cannot be proved in the present 
series ; nevertheless, in view of the evidence given by Strong (1938) and others 
that onchocerca can cause such lesions, this causation seems highly probable in 
the present instance also. 

Nodules . — Subcutaneous nodules resembling those produced by onchocerca 
were observed in eight out of the fifty positive cases and in one of these (D 264), 
it was possible to excise the tissue and to demonstrate the adult worms. Among 
the fifty-six negative cases examined, a suspicious nodule was observed only 
once. The examination for nodules was made quickly and it did not extend 
below the hips ; perhaps more thorough search would have revealed nodules 
in some of the other cases. Nevertheless, in the Kakamega district, nodules 
do not form a prominent aspect of the disease. 

Eosinophilia . — The relation of eosinophilia to onchocerciasis is illustrated 
by the differential leucocyte counts of the above tables. The t%vo series, 
of selected and unselected natives respectively, gave closely similar results and 
need not be considered separately. Among the microfilaria-positive cases, the 
maximum percentage of eosinophils was 49, and the minimum 1, the average 
being 15-2; among the negative cases, the maximum percentage was 34 and 
the minimum 0, the average being 9-7. Probably the difference between these 
two groups is large enough to possess statistical significance, but clinically the 
overlapping is so great that only small diagnostic importance can be attached to the 
percentage of eosinophils in any individual instance. 

Geographical distribution . — ^The geographical distribution of the cases is 
shown in Table III and in the accompanying map ; apparently the worm is 
widely distributed throughout the southern portion of the Kakamega area. 

Conclusion. 

Onchocerciasis has remained unnoticed at Kakamega for many years 
until a chance discovery led to its presence being suspected, a suspicion which 
is now confirmed. Probably a search for it in other parts of East Africa will 
reveal its occurrence in many places in which it has not yet been recognized. 

Summary. 

1. A new focus of onchocerciasis is described around Kakamega, in the 
western part of Kenya Colony. Among fifty-three natives, taken at random, 
the infestation was found to occur in twenty, f.c., 38 per cent. 

2. Eye-lesions appeared to be common in the district, although it is not yet 
determined how far these arc due to the onchocerciasis. 

3. Subcutaneous nodules were relatively uncommon. 
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4. Eosinophilia was more marked in cases with onchocerciasis (average 
percentage of eosinophils, 15-2) than in those uninfested (average, 9-7) ; but 
the association was not sufficiently regular to have much diagnostic significance. 
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NERVOUS AND MENTAL MANIFESTATIONS OF BILHARZIASIS 

AND THEIR TREATMENT. . 

BY 

HANS HOFF, M.D. (Vienna). 

Dozcnt Vicuna University, 

AND 

J. A. SHABY, M.D. (B.D.) and D.P.M. (Eng.). 

From the Unit of Mental and Nervous Diseases, Royal Hospital, Baghdad. 


Manson in his book notes the occasional occurrence of the eggs of 
Schistosotna haematobium in the brain and spinal cord. 

Muller and Stender (1930) have described a case of myelitis with the 
postmortem finding of the ova of Schistosoma haematobium in the spinal cord : 
it was estimated that 10 to 16 thousand ova were present in the nerve tissue 
which revealed infiltration with giant cells and toxic changes. 

Day and Kenawy (1936) have reported a similar case of myelitis in which 
infiltration of the spinal cord with the ova of S. haematobium was found at the 
postmortem examination. 

We have encountered a similar case of myelitis which we presumed to be of 
bilharzial origin. 


Case. 

A man aged 35 and a porter b)' profes,<;ion was admitted to the Neurological 
Department of the Royal Hospital on the Sth October last, with a histor}’ of his 
legs suddenly giving way 3 days previously. He had up to that time enjoyed 
perfect health and gave no historj- of any of the usual tropical illnesses. 

On admission he was slightly confused mentally and though he knew where 
he was it took him some time to understand and co-operate in the examination, 
lie was excitable, insulting the neighbouring patients and was offensive to the 
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Table II. 

SHOWING THE EXAMINATION OF 53 UNSELECTED CASES. 


A. 20 CASES INFESTED WitH ONCHOCERCA. 





Mf. 

Eyes. 

Clinical. 

1 

■ 

1 







P. 

B 



P1121 

M. 

15 

+ 

N.A.D. 

Ulcer 

42 

33 

9 

16 

P1542 

M.. 

25 

+ + + 

R. conj. R.D. L. eye 
burned long ago 


29 

52 

4 

15 

P1338 

M. 

30 

+ + + 

Conj. slightly R.D. 

Sarcoma. E. histolytica 

22 

32 

5 

41 

P1355 

F. 

30 

+ + 

„ R.D. 

Fracture. Stools normal 

42 

39 

9 

10 

P1544 

M. 

30 

+ + + 

»i » 

Syphilis. „ 

46 

46 


2 

P1335 

M. 

65 

+ + + 

verj' R.D. 

Hernia. Strongyloides. 

Mf. perstans 

31 

28 


36 

P1490 

M. 

25 

+ + + 

.. R.D. 

Injury leg. Stools normal 

30 

33 

6 

31 

S230 

M. 

30 

+ + + 

„ discoloured 

Tinea imbricata 

37 

46 


24 

PI 566 

F. 

30 

+ + + 

„ R.D. 

Healthy. Ascaris 

43 

34 


16 

P1410 

M. 

25 

+ 

„ slightly R.D. 

Syphilis. E. coli 

46 

36 


m 

P1541 

M. 

25 . 

-t- 

R. conj. R.D. 

Ulcer. Strongyloides 

30 

31 


ml 

P1049 

M. 

13 


N.A.D. 

>» 

26 



B 

P1510 

M. 

20 

+ -1- 

Conj. R.D. 


23 

58 

6 

24 

P1611 

M. 

30 

+ 

„ very R.D. 

Fracture. Strongyloides 

42 

44 

6 

■9 

P1400 

M. 

9 

+ 

N.A.D. 

Septic knee. Strongy- 
loides, Trichuris 

57 

30 

6 

7 

S12G 

M. 

25 

+ + 

Conj. red, discoloured 

— 

44 

38 

11 

7 

S221 

M. 

40 

+ 

„ R.D. 

— 

26 

38 

7 

29 

P1498 

M. 

25 

+ 

N.A.D. 

Osteomyelitis. Ascaris 

57 

18 

21 

4 

S155 

M. 

25 

+ 

Conj. slightly discoloured 

— 

41 

45 

2 

12 

P1427 

M. 

__ 

+ 

„ R.D. 

Syphilis. Ascaris 

38 

29 

9 

4 


P1427 showed several papules on back and a nodule 4- cm., across on L. cheek. 
P1335 showed nodules, 1 cm. across, set close together on 10th rib, R. axillary line. 


Abbreviations Used. 

D = Detainee. L = Mine-labourer. P = Hospital patient. S = Convict. 

i\If. -f = One or two microfilariae. Moderate numbers. -f -f -}- = Numerous. 

Conj. R.D. = Conjunctivae rough and discoloured. 


figures show only a dubious association beUveen the two conditions, although 
it is noteworthy that onchocerciasis was more common among the cases selected 
mostly on account of eye-trouble (62 per cent.) than among the unselected 
persons (38 per cent.). Although some of the lesions are reminiscent of the 
appearances described by Hissette (1938), c.g., that of D 316 (Table Ia) in which 
the pupil was contracted and distorted downwards, it must be admitted that the 
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Table II. 

B. 33 CASES WITHOUT ONCHOCERCA. 


Patient. 



Eyes. 

Clinical. 

■ 

1 

1 

E 

P1497 

M. 

35 

Conj. R.D. 

Pneumonia. Strongyloides 

54 

38 

3 

5 

P1516 

M. 

16 

Nothing abnormal discov'ered 

Salivary adenitis. 
Strongyloides. Taenia 

37 

44 

4 

15 

S74 

M. 

30 

Conj. red 

Arthritis 

2G 

C5 

O 

7 

P152S 

M. 

40 

„ R.D. 

Sv^philis. Stools normal 

59 

25 

11 

6 

P1515 

M. 

45 

It It 

Ulcer 

52 

38 

5 

5 

P1017 

M. 

10 

Nothing abnormal discovered 


25 

54 

11 

10 

S207 

M. 

25 

R. conj. slightly red 


41 

49 

4 

0 

P1345 

M. 

18 

Nothing abnormal discovered 

Ascaris. Strongyloides 

CO 

31 

2 

7 

P1362 

M. 

55 

Conj. very R.D. Arcus senilis 

Syphilis 

43 

35 

0 

16 

S220 

M. 

25 

Nothing abnormal discovered 


45 

37 

9 

9 

P1460 

M. 

35 

Conj. slightly R.D. 

Bronchitis 

38 

50 

4 

8 

S194 

M. 

30 

R.D. 

Septic thumb 

44 

32 

4 

19 

P1445 

F. 

30 

slightly red 

Ulcer. Ascaris. Taenia 

02 

31 

0 

1 

P1551 

F. 

25 

It 

Healthy. Stools normal 

57 

29 

8 

6 

PI 552 

F. 

30 

„ red 

*> 

36 

52 

1 

11 

PI 554 

F. 

25 

„ D. red 

*» 

55 

37 

4 

4 

P1512 

M. 

45 

„ very R.D. Arcus senilis 

Hernia 

52 

31 

6 

11 

P1532 

M. 

35 

Nothing abnormal discovered 

Abscess. Strongyloides 

51 

39 

5 

5 

P1514 

M. 

25 

»» »» 

Ascaris. Strongyloides 

81 

12 

4 

3 

P1543 

M. 

20 

Conj. slightly R.D. 

Cellulitis scrotum 

20 

37 

9 

34 

P1244 

M. 

35 

„ R.D. 

Bronchitis. Strongyloides. 
E. coli 

39 

33 

.5 

23 

P1385 

M. 

35 

Nothing abnormal discovered 

Madura foot. Taenia. 

E. coli 

24 

50 

7 

13 

P1462 

M. 

45 

Conj. R.D. 

Melanoma 

09 

20 

3 


P1314 

F. 

12 

„ slightly red 

Ulcer. Stools normal 

32 

5.5 

7 

6 

P1541 

M. 

30 

„ R.D. 

Tonsillitis. Trichuris 

40 

27 

S 

25 

P140G 

F. 

30 

.. .. red 

Healthy. Stools normal 

44 

40 

.5 

.5 

PI 475 

M. 

IG 

R.D. 

Osteomyelitis 

29 

42 

10 

19 

P139G 

M. 

45 

Slight opacity both lenses 

Ascites. Strongyloides 

05 

21 

5 

0 

P15.3S 

F. 

40 

Conj. discoloured 

„ E. coli 

05 

31 

.T 


PI 509 

M. 

14 

Corneal opaciw i cm. across 
below each pupil 

Stools normal 

33 

50 

3 

1 

R 

P1491 

M. 

! 7 

Nothing abnormal discovered 

T.B. glands. Slrongvloidcs 1 

65 

24 

.5 

0 

Nanyo 

M. 

j IS 

Conj. slightly discoloured 

i 

i 

»> o 1 

0)3 

5 

10 

PI53G 

M. 

1 35 

R.D. R. eye sore and 

Hernia. Strongyloides i 

3H I 

52 1 

5 

.5 


vision impaired 1 year 


.AnnurviATioNS Used. 

D - Detainee. L -• Mine-labourer. P - Ho';pitaI Patient. .S — Convict. 
Conj. R.D. Coniunctivae roucb and discoloured. 












HipfilldiPii cf iKf gtu'ii’hi pf On’pirali)}fi>iriiiR 

(UlU ijyOMlf h.m.’V’y cinnvjj It* ^’nr]llnic5ht cjir !(lU,rtl 
lUW itlltiflll ^rjrl’fin^'i m tht* cvcofu-ni of ^rpiirj>u'tjii5t}’> J U1?ILI:EL 

h«5of,f«iltu ani affircKon tluit r.nittf tht' tuPjtcfj ,iit tlii5 Ktalin- 
to tji« Cliroii*' are forat'd tUf r-ltoitgor I'y tlv kuoirlcii^s of ^oitr • ■;• 
Ma];5ty'5 ci’er-pre5avk concxm in all iKat tottclic5 llic health of tlv }.'c-oj?l<?. 
ilfoiSodcly has _fW it* aim Ihc adranconent of .the scientt. and thfi- 
odenfion of tlu domain, of ‘^KOPICMjIAeDKIUZ. and yourMajefl^ 
and His Km’ol Highness tho Prince of Whales Iiaoc signalii-ed the 
Koyol commendation of our lohoucs h^ the gracicnis acceptance of the 
offices of pitrm and ytce-Folron, recooiiition which. scnvs__as.a • •> 
continual encouragement in our imrestina endeavour.; - : • ; : 

€u the successful issue of the truceUss.strife agmnsHtoplcol 
disease depend riot only tlu health tut the wry existence, of milliori? 
of pur,^\lo;i’_sulje.c^ in YourMaiestn’s possessions havnd the ssflS 
and Ujut Meyestys reign is alrsadr distinguished, Ki disccnvric-s i^ 
tropical medicine wluch will result in. the saving of a great. mulHfiuJs" 
of lives. 'iHtus the maladies which, heretofore haw cracted w hea\^ 
a tribute or human life in the tropic rone, one by one tjic-Id- up iheiF* 
secrets to sci«ncc_and are brought under control, and tlje lratxiil_andj' 
dccchon of a host of uvrkcrs will bring to pass still greafer triumphs 
wilhin the compass of the yearr nhich we pra^^ ’.Sod u’iU (grants 
Xourji^cyes^ to reign over us.: c . .*r vt-- c.-rr--:'r; ; c; 

^ ^^0^47^ /.4h *I^’I/owsj^ I /k y^qyqC Spcich/ _ 

^Srptvew^ K/fCictJichtc and J^Gi/^ 'eae- 


c;;C»kjvv'~oA_£>^-d''^0-^-cA.^ 


fpfesideivf. 


Jf.fusv'. 


?bc^c\,6y!, I 

jHivv 6 th. 1935. 


Scc^jr^. 


The Address teas sent ten in XlVt)i century black letter, illuminated in blue and gold, 
tcith the Badge in correct heraldic colours. 




OBITUARY. 


WALTJ-R GAWKN KING, C././i., M.B., CM., D.P.H., 

COLONEL I.M.S. 

1851-19:v5. 


Colonel W. G. King was born 4lh December, 1851 and joined the I.M.S. 
on the 31st March, 1874. 


.. rnving in India on the 31st Octol^er of that year, he was sent to Madras 
residency where he spent the greater part of liis long service. After being in 
ciarge of various Madras Inf^antr}* and other regiments he was appointed 
urgeon to the Duke of Buckingham in 1876 ; shortly after, he became 
ro essor of Physical Science, Presidency College, Madras, and in 1882 
Professor of Hygiene in the Medical College, Madras. In 1890, he was appointed 
nspector of Vaccination ; and, 2 years later, Sanitary Commissioner, Madras, 
a position which he filled with great distinction until 1905. 


years Colonel King impressed the authorities with his work 
in the famines of 1876 and 1896, studied the epidemiology of cholera and built 
up the first Public Health Department in the Indian Empire. His proposals 
or the reorganisation of the Sanitary and Vaccination Departments of the 
Madras Presidency were made in connection with the resolution of tlie first 
ndian Medical Congress held at Calcutta in 1894. His scheme contemplated 
the establishment of a vaccine institute with a bacteriological superintendent, 
and the employment of well-qualified sanitary and vaccination staffs in proportion 
to the population of the areas concerned. 


A special course of training in the Medical College, Madras, was instituted ; 
and the first class assembled in January, '1895. From that date a constant flow 
of trained sanitary inspectors was made available to the Public Health Depart- 
ment of the Presidency. Also, as a result of Colonel King’s proposals, the 
Madras Registration of Births and Deaths - Act of 1899 was passed. 

From 1891 Colonel King repeatedly urged the importance of the Madras 
Presidency possessing a central vaccine institute where high grade animal lymph 
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could be cultivated and preserved under conditions which would guarantee the 
requisite standard of purity and activity, and he advocated the advisability of 
uniting a bacteriological laboratory with this institute, 'rhis received the 
Government’s consent in 1899 : building operations were commenced in 1901 
and b}’ May nc.xt year the institute which was given the name of the “ King 
Institute of Preventive Medicine ” was completed. In this way the Government 
made gracious acknowledgment of the valuable services rendered by Colonel 
W. G. King, Sanitar}’ Commissioner, to the people of the Madras Presidency 
in matters of public health. 

In September, 1905, Colonel Ki.n'G was transferred to Burma as In.spector- 
General of Civil Hospitals and Sanitary Commissioner, where he completed his 
ser\’ice. 

He retired in 1910, but constantly maintained an active interest in all 
public health questions and specially in regard to vaccination and the problems 
associated with the preparation and distribution of an active vaccine lymph. 
During the War he wrote a memorandum on smallpox ; and from 1914 to 1922 
he was a member of the Council of the Royal Society of Tropical Medicine 
and Hygiene. 

Colonel King was without doubt the father of public health in South 
India and on the occasion of the unveiling of his portrait in the office of the 
Director of Public Health in March, 1930, the Minister in charge of Public 
Health rightly referred to him as the original founder of preventive medicine in 
the Madras Presidency. 

His death on 4th April, 1935, at the ripe age of S3 years removed a verj' 
prominent member of the Indian Medical Sciwicc, and one who for many years 
had taken an active interest in this Society. 

A. J. H. Russell. 


pRisTLO IN* Great Britain bv R. GKum, Ltd., Croidov. 



Transactions 

OF THE 

Royal Society of Tropical Medicine 

AND Hygiene. 


VoL. X.\IX. No. 2. July, 1935. 


Proceedings of the 28th Annual General Meeting of the Society held at 
Manson House, on Thursday, 20t]i June, 1935, 
at 8.15 p.m. 

Major-General Sir Leonard Rogers, K.C.S.L, C.I.L., F.R.S., 

President^ in the Chair. 


BUSINESS. 


Report of the Council for the Year ended 31st March, 1935. 

The President presented the Annual Report ; copies of which had been 
circulated. 

Dr. F. Murgatroyd proposed the adoption of the Report. The motion was 
seconded by Major J. A. Cruickshank, and carried unanimously. 

Report of the Hon. Treasurer for the Year ended 
31st March, 1935. 

Sir Arthur Bagshawe, Hon. Treasurer, in presenting his Report said ; — 
As I have to appear shortly in another role, I shall not occupy much of your 
time now. We have had a very successful year, finishing with a balance of 
;,^476 on the ordinary Income and Expenditure Account. 

The debt on Manson House has been reduced by ;^980, leaving £\3,7A5 
still to raise. Of this amount ^13,000 is borrowed on mortgage and the remaining 
will probably be paid off in the present financial year. 

Dr. V. B. Wigglesworth ; I am sure we are all highly gratified at the 
satisfactory state of affairs which the Treasurer’s Report reveals, and I have 
great pleasure in proposing the adoption of the Report. 

This was seconded by Dr. C. R. Amies and carried unanimously. 
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ANNUM. GENKIWI. AJI-CTING. 


Elf.ction of Audit Committkk. 

Dr. B. D. Mackenzie proposed that Dr. V. S. Hodson, Dr. R. P. Garrow 
and Major J. A. Cruickshank be elected members of tlie Audit Committee, 
This was seconded by Professor Warringfon Yorke and carried unanimously. 


Rf.sult of Ballot for pRFsiDnNT, Two Vicn-Pni-siDnNTS and 
Councillors for 1935-37. 

Dr. N. Hamilton Fairley, lion. Secretary, announced the Result of the 
Ballot as follows ; — 

President : 

Sir Arthur Bagshawe, C.M.G., M.B., B.Cn., D.P.H. 
Vice-Presidents : 

Sir John Megaw, K.C.I.E., D.Sc., M.B., B.Cir., Maj.-Gcn. I.M.S. 
Professor D. B. Blacklock, M.D., D.P.H., D.T.M. 

Councillors : 

P. A. Buxton, M.R.C.S., L.R.C.P., D.T.M. & H., Professor. 

Sir S. Rickard Christophers, O.B.E., F.R.S., Col. I.M.S. (ret.). 

S. F. Dudley, O.B.E., M.D., F.R.C.P., Surg.-Capt., R.N. 

N. Hamilton Fairley, O.B.E., M.D., D.Sc., F.R.C.P. 
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The President (Sir Leonard Rogers) : Fellows and ladies and gentlemen, 
it is customary for the retiring President to say something about the activities 
of the previous years. Fortunately it is not necessary to take much time ov'cr 
that, because our Society is happy in having no recent history other than that 
of steady progress in our work, in the reading of papers, the organising of dis- 
cussions, and the publishing of results in other papers, which go all over the 
Empire, and far beyond it. Last year I was glad to sec that the sale of our 
Transactions and of reprints, and advertisements brought in nearly £, 500 , 
which is much higher than previously, showing how much our publications are 
appreciated. We may safely say that the discussions and papers in the last two 
years have been up to our usual standard. The credit of that is largely due, in 
the first place, to the senior Hon. Sccretar}’-, Dr. Wenyon, whose work has 
been most ably seconded by the junior Hon. Secretar)^ Dr. Hamilton Fairley. 

You have heard, from the Treasurer’s Report, that our finances are in a 
flourishing condition. During the last year we have paid off nearly ;£I,000 of 
the debt on Manson House, and that has been largely due to our having a legacy 
of ;;^500, for which we are indebted to our energetic Secretary, Miss Wenyon. 
The result is that there now remains a debt of only ,^13,745. As our building 
and our furniture are valued for insurance purposes at nearly ^30,000, we are in 
a very satisfactory position, and I wish to give credit to the previous Council, 
under the presidency of Dr. Carmichael Low, for the courageous manner 
in which they carried through the great scheme in regard to Manson House 
in the time of the country’s serious financial depression. The greatest credit is 
due to them for that. 

Progress has been made, too, in connection widi the Library, and it has 
been decided to bind regularly a further twelve of the most important journals. 
Colonel Crawford, of the I.M.S., has presented, through me, to the Society a 
valuable collection of books by LM.S. officers, and others, which he has collected 
in the last forty years. You will be able to see them in a new book-case : in 
another new book-case we are placing the journals which have been bound. 

I wish to draw your attention to the fact that there are certain missing numbers, 
which we shall be glad if Fellows can supply in order to complete our series of 
volumes. Dr. H. H. Scott was appointed Honorary Librarian this year. He 
has taken great trouble with the Library, and some books which were obviously 
useless have been weeded out. 

The Society has lost during my term of office a distinguished Past President, 
Major-General Sir Havelock Charles ; and we have had to record the deatli 
also of two Honorary Fellows, Dr. Theobald . Smith and Dr. Friedrich 
Fulleborn. 
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Induction of the New President. 

Our new President, Sir Arthur Bagsiiawe, is so well known to you that I 
need not say mucli about him. He worked in Uganda from 1900 to 1907, and was 
the first to discover the pupa of the tsetse fly. His paper describing tin's was buried 
in the archives of the Royal Society, which is the best place I know for burj-ing 
information, so it is not as well known as it deserves to be. In 1908, Bagsiiawe 
was home on leave, and he was asked to take on the Sleeping Sickness Bureau, 
and that led to the Tropical Diseases Bureau. That work, though not “ showy,” 
is most valuable. I might mention my own case. When I retired from India 
I gave the whole of my journals to the School of 'Propical lUedicine, Calcutta, 
except my set of the Tropical Diseases Bulletin which I would not part with : 
that is the only one I kept 1 Sir .?Vrthur Bagsiiawe is one of those quiet men 
who work so efficiently that it makes their work appear ea.sy, though in reality, 
it may be verj' difficult. I have the greatest confidence in handing over the 
presidency to him, which I will now proceed to do without wasting any more 
of your time. 

Sir Arthur Bagshawe was then invested ivith the President’s Badge and 
Chain of Office. 


The President, Sir Arthur Bagshawe: Sir Leonard Rogfjis, ladies and 
gentlemen, I feel very greatly honoured by being elected President of this 
Society, and I thank you. Sir, for the kind things which you have said about 
me and my work. My association with this Society goes back a long way, 
rather more than 25 years, and as I was looking at the names of past presidents 
I realised that I have seen twelve of them inducted. I cannot be absolutely 
sure I was present on each occasion, but I think I was. I was not present when 
Sir Patrick Manson first took the chair : presumably he inducted himself. 

It is a very proud thing to be one of a line of such distinguished men, the 
names of some of whom will live as long as the world lasts, one may almost say. 
I thank you very much for electing me, and I shall do my ver}' best to maintain 
the honour and usefulness of the Society. 


Appoiiitvicnt of Vice-President. 


By the Laws of the Society, the incoming President elects one of the vice- 
presidents. I have chosen as my Vice-President Dr. Horner Andrews, of the 
Ministry of Agriculture. We have usually had a veterinarian on our Council : 
at present we have not one. I think you will agree that Dr. Horner Andrews 
is a very suitable representative of the veterinary branch of our profession. 
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Presentation of Manson Medal. 

My first duty as President is a very pleasant one, and that is to present the 
Manson Medal. It is awarded every third year to the author of such original 
work on any branch of Tropical Medicine or Hygiene as the Council may 
consider to be deserving of the honour. On this occasion the Council has 
selected as the recipient our former President, Prof. J. W. W. Stephens, F.R.S,, of 
Liverpool University. I think you will all agree that the selection is a very good 
one for the name of Stephens is known throughout the world in connection with 
pioneer work in tropical medicine, particularly malaria, the study of which he 
commenced many years ago when he was a member of the Royal Society’s Com- 
mission in Central Africa. He has contributed largely to precise knowledge of 
this disease including blackwatcr fever and the methods of quinine adminis- 
tration. He first identified Plasmodium ovale as a new malarial parasite of man, 
and has suggested under the name Plasmodium tenue that still another form 
exists. He was jointly responsible for the establishment of Trypanosoma 
rhodcsieme as distinct from Trypanosoma gamhiensc as the cause of an acute 
form of human trypanosomiasis. These are but a few of Professor Stephens’ 
contributions to our knowledge of tropical medicine, to the successful study of 
which over a wide field he has devoted the greater part of his life. It is, therefore, 
with great pleasure that I present to Professor Stephens the highest award of 
our Society, the Manson Medal. 

Professor J. W. W. Stephens : Sir, I have the great pleasure of being the 
first to address you in your presidential capacity. We are told, in our Year Book 
that the Manson Fund of 1921 was raised with the idea of revivifying the esteem 
in which Manson was held by his friends and his admirers. The occasion on 
which that was done was the removal of the old London School of Tropical 
Medicine, of which he was the creative spirit, from its old home in the Royal 
Albert Dock, And to-night on this occasion, I think that the Society not only 
takes the opportunity of honouring one of its Fellows, but also desires to revivify 
and keep green the name of Manson. All the same, the name of Manson 
would not die, even if this Society and Manson House were to cease to exist, 
for the name of Manson is inseparably linked with the origin of Tropical 
Medicine as a special branch of study. 

It is with some apprehension I have noticed that I have now become the 
sole living recipient of the Manson Medal, and I have been wondering what 
the four old medallists will say when I have the pleasure of joining them in 
the Elysian fields. They might say, “Who is this Fellow ? ” not in any oppro- 
brious sense, but Fellow of the Royal Society of Tropical Medicine ! I think, 
however, I should be welcomed by them, for I have tried, as we all do, to add 
something to the sum total of our knowledge which, sooner or later, will gain 
a complete victory over tropical disease. Sir, I have to thank Sir Rickard 
Christophers and Colonel Mackie, my proposer and seconder, and the 
Society for the honour they have conferred upon me, and it is with grateful and 
very sincere feelings that I do so. 
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PUESENTATION OF CUALMF.US MkDAI.. 

The President (Siu Arthur Bagshawf.) : Wc have yet another medal to 
present, the Chalmers Gold Medal. It was founded in 1921, hy Mrs. Albert 
Chalmers who I am glad to sec is with \is tin's evening, in memorj’ of her 
husband, the late Dr. Albert Chalmers, the autlior of many important contri- 
butions to tropical medicine. This award is made biennially to a worker under 
fortj'-fivc years of age in recognition of research of outstanding merit contributing 
to our knowledge of Tropical Medicine and Hj’giene. On this occasion the 
medal has been awarded to Professor Wili.iaat H. Taliaferro, of the University 
of Chicago, who is distinguished for his researches into the immunology of 
protozoal and helminthic infections. Of special merit was his demonstration of 
ablastin, a new type of immune body, in Trypanosoma hu'isi infections, the 
introduction of a skin test for filariasis, and the demonstration that increased 
phagocytic power of a hypertrophied reticulo-cndothclial system is the basis of 
immunity in malaria. In a very important monograph he has reviewed the whole 
subject of immunity to infections with animal parasites. 

Unfortunately, Professor Taliaferro in unable to be present this evening. 
He has asked Dr. Wenyon to receive the medal on his behalf. I will, therefore, 
ask Dr. Wenvon to receive the Chalmers Medal and transmit it to Professor 
Taliaferro in due course. 

Dr. Wenyon, in receiving the medal, said that Professor Taliaferro had 
asked him to express his deep appreciation of the honour which the Society 
had conferred on him. 
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Proceedings of an Ordinary Meeting of the Society held (after the 
Annual General Meeting) at Manson House, 26, Portland Place, 
at S.45 p.m., on Thursday, 20th June, 1935. 

Sir Arthur Bagsiiawe, M.B., D.P.H., President, in the Chair. 


DEMONSTRATION. 


TEMPERATURE CHARTS ILLUSTRATING THE ACTION OF 
ATEBRIN MUSONATE INTRAMUSCULARLY COMPARED 
WITH QUININE BIHYDROCHLORIDE INTRAMUSCULARLY 
IN THE TREATMENT OF MALARIA IN CEYLON. 

BY 

S. SOM.\SUNDRAM, M.R.C.P. (Loxn.), D.T.M. 

Physician, Kandy Hospital, Ceylon. 


When Dr. Briercliffe, Director of Medical and Sanitary Services, Ceylon, 
knew that I was coming to England he suggested it might be of interest to 
Fellows of this Society if I showed them some of the charts which I have exhibited 
this evening. These, as you will have seen, have to do with the treatment of 
malaria in Ceylon during the present epidemic of which you have all heard, and 
the action of the new drug atebrin musonate. First of all, however, I will make 
a few remarks about the usual treatment with atebrin by oral administration. 

Atebrin tablets by mouth have been extensively used in Ceylon for the 
treatment of malaria in hospital patients, the standard course being one tablet 
0*1 gramme, t.d.s. p.c. for five days. Patients who were given atebrin on 
admission took on an average at least 3 days for the temperature to come to 
normal. Patients who were given quinine bisulphate grains in mixture t.d.s. 
p.c. took on an average about 1-J to 2 days for the temperature to come to 
normal. 

In those that did not react properly to the drug employed, a change of 
treatment, i.e. from atebrin to quinine or from quinine to atebrin produced very 
favourable results. 

With regard to subsequent attacks of fever, a 5 days’ course of atebrin was 
found to keep patients free from symptoms of malaria for a much longer period 
than did the short courses of about 5 to 7 days of quinine which are customary 
in Ceylon. Patients returning with fever after a course of atebrin were found 
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to be more seriously ill, while it took longer to bring their temperature to normal. 

Toxic effects of atebrin are not uncommon. Atcbrin by the mouth fre- 
quently caused epigastric pain which may be severe especially if it was given 
on an empty stomach. Symptoms of mental derangement also occurred in a 
fair number of cases either towards the end of a course of treatment or shortly 
after its completion. They usually lasted two to three days. Discolouration of 
the skin has been very rare and when it occurred was usually limited to the 
palms and soles. In one case of malaria with chronic nephritis death occurred 
after two days of treatment, i.c. after six tablets had been taken. In children 
atebrin by the mouth produced vomiting and diarrhoea. 

Atebrin musonatc is a soluble salt of atebrin. It is a bright yellow powder 
supplied in glass ampoules. Each ampoule contains 0‘125 grammes of atebrin 
musonate which is equivalent to O-l gramme of atebrin, the adult dose being 
the contents of three such ampoules which arc readily soluble in 10 c.c. of cold 
water. It can be given either intravenously or intramuscularly. In Ceylon the 
preliminarj- tests with this drug were made in Januarj- this year by Dr. SiMi:ONS 
of Bombay who claimed that one intramuscular injection of 0-375 gramme 
would effect a cure of malaria. It was, however, found on further experience, 
that one injection was insufficient either to control the temperature or to free 
the blood from parasites. Thereafter two intramuscular injections were given, 
each of 0-375 gramme at an inter\'al of 24 hours. This, as will be seen from the 
charts shown this evening, brought the temperature down in the majority of 
cases and caused the disappearance of the asexual stages of the parasites (whether 
P. vi-eax or P. fakipanmi) as a rule within three days. In a few cases it was 
necessar)’ to give three injections. Ill nourished children were liable to collapse 
shortly after the injection, with vomiting, giddiness and fainting. 

The charts shown are those of unselcctcd cases treated at the Kandy 
Hospital, Ceylon, with two intramuscular injections of atebrin musonatc and, 
for purposes of control and comparison, similar cases treated at the same time 
with two intramuscular injections of one gramme each of quinine bihydrochlor., 
followed by quinine bisulphate 1\ grains in mixture by mouth, t.d.s. p.c. 

I have shown you the two series of charts in order that you may draw your 
own conclusions on the relative merits of the two methods of treatment. I 
myself have not been able to arrive at the conclusion that treatment with atebrin 
musonate is in any way superior to that of quinine, as regards the immediate 
effects. It is not possible to make any statement regarding the relative frequency 
of relapses after the two treatments for, quite apart from the fact that there has 
been insufficient time to make reliable obscr\'ations, the patients treated are 
immediately exposed to reinfection when they return home. ^ 

I have also drawn your attention to the toxic effects which have sometimes 
followed atebrin injections and which do not occur with quinine. It should be 
noted, however, that the atebrin musonate intramuscular injections are quite 
painless in which respect they are superior to those of quinine. 
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TYPHUS FEVERS IN THE TROPICS. 

BY 

Major-General Sir JOHN MEGAW, K.C.I.E., D.Sc., M.B., I.M.S. 


I find “ this typhus business ” rather perplexing, and in some ways rather 
tantalizing. Fifteen years ago I could have told you something new and 
important about the subject, whereas now that the typhus fevers have become 
fashionable, my personal experience is at least two or three years out of date, 
and that is a long time in connection with a disease group which is being so 
ardently studied all over the world. Typhus fevers are not merely in the fashion, 
they have also acquired a considerable entertainment value, even witla the lay 
public. For example, Rats, Lice and History, by Hans Zinsser, has become a 
“ best seller,” and deservedly so. 

Let me say a word or two about the name “ typhus.” You may be inclined 
to ask, What’s in a name ? ; but there is a great deal in the name typhus. Mueh 
of the confusion which surrounds the typhus fevers is due to the names which 
have been applied to them. Many of these names convey misleading suggestions, 
and even the medical profession is very much influenced by suggestions. The 
word “ typhus ” is a very old one ; it was applied originally to almost any kind 
of acute fever which tended to appear in epidemic form and was accompanied 
by severe nervous symptoms. The term “ typhoid state ” was probably more 
closely connected with typhus fever than with typhoid fever. About a hundred 
years ago typhoid fever was discovered to be a separate entity, so was relapsing 
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fever, and therefore the name “ t 3 'plnis ” came to be applied to severe acute 
cases of contagious fever of ten to twenlj- days duration, and accompanied by 
a peculiar skin rash. The disease was obviously associated with filth, over- 
crowding and malnutrition. Until 25 j’ear.s ago matters remained in much the 
same state. Then, almost simultaneously, two great discoveries were made : 
one, that t 3 'phus fever was transmitted by lice ; the other, that peculiar bodies, 
later known as Rickettsia, were present in the vector insects and in the tissues 
of people suffering from the disease. The word “ typhus ” thus came to be 
applied to a definite disease entit 3 -, and cver 3 'thing appeared to be simple. But 
even 25 years ago two other diseases of a similar type were known : the spotted 
fever of the Rock 3 ' Mountains, and the Japanese river fever. They were recog- 
nised by man 3 ' people to have a close clinical resemblance to typhus fever, and 
a few 3 'ears later the 3 ' also were found to be associated with rickettsia bodies. 
But their epidemiological features were in striking contrast with those of classical 
t 3 'phus fever, and so the diseases were regarded as distinct entities. Samhox, it is 
true, insisted that spotted fever of the Rock 3 ’ Mountains was the same as typhus 
fever, but his views were not accepted. There w.is also another fever. Brill’s 
disease, which Brill described, nearly 40 3 'ears ago, as a new dise.ase. Brill 
recognised a similarity, in many respects, to mild typhus fever, but he thought 
it impossible that a disease occurring in a sporadic way, obviously not com- 
municated from man to man, and mild in t 3 ’pc, could have anything to do with 
t 3 'phus fever. Later it was found that this disease gave the same serological 
reactions as t 3 'phus, and that there was a cross-immunity between Brill’s disease 
and t 3 'phus fever. Accordingl 3 ’, by 1912, this disease came to be looked upon 
as an inter-epidemic form of typhus fever. A few years ago Brill’s disease 
came to be regarded as endemic t 3 ’phus, a disease of rats conveyed to man by fleas. 
Now, even more recently, opinion has veered round once more : Zi.n'SSER has 
pointed out that about 97 per cent, of the recent c.ascs of Brill’s disease in New 
York occurred in immigrants from countries where typhus fever occurs. His 
view is that cases of Brill’s disease are flares-up of a typhus infection which had 
been lying dormant in the persons concerned. Brill’s disease is a very good 
example of how names change their meaning from time to time. Tlie disease 
has been the same for centuries, but the name " Brill’s disease ” has had four 
different meanings within a comparatively short time. 

Between 1910 and 1915 several workers described fevers which had obvious 
points of resemblance to typhus. Smithson in Queensland, Conor and Bruch 
in Tunisia, MacNaught in South Africa, McKechnie in an unpublished work 
in India, and Schuffner in Sumatra described cases which bore a clinical 
resemblance to typhus, but were so different in their epidemiological features 
that none of their sponsors, except McKechnie, suggested that they were 
forms of typhus. 

I have been personally interested in this disease since 1916, when I had an 
attack of a fever resembling typhus ; this had almost certainly been conveyed 
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to me by a j'ungle tick in the Himalayan forests. I described the fever in the 
Indian Medical Gazette in January, 1917, and suggested that my case was one 
of Brill’s disease, and that the fevers described by the workers whom I have 
just mentioned should be classed as a sub-group of typhus fever. Having 
received reports of similar cases from various people in India, including Major- 
General Sprawson and Colonel Chapman, and having made a further study 
of the subject, I wrote a note in the Indian Medical Gazette of October, 1921, 
in which I expressed the following conclusion : “ my personal experience and 
a consideration of the available evidence have led me to form a strong suspicion 
that the disease is one affecting the animals of the jungle and that it is conveyed 
to man by a tick, and that the disease is either the same as Rocky Mountain 
fever, or at any rate is closely related to it. The disease is probably widely 
distributed in India and other parts of the world, but remains unrecognised 
because of its superficial resemblance to typhoid fever.” In my note I proposed 
the following nomenclature : — 

“ Provisional Classification of the Fevers of the Typhus Group . — 
(I) Louse Typhus ; (II) Tick Typhus ; (HI) Mite Typhus.” 

. The paper was well abstracted in the Tropical Diseases Bulletin of January, 
1922, but, apart from that, very little further attention was attracted to the 
typhus-like fevers until Dr. William Fletcher, from 1926 onwards, wrote his 
well-known papers on tropical typhus. Those papers not only threw a flood of 
light on the subject, but attracted the attention of the medical profession in 
such a way that since that time there has been a continuous stream of literature 
on the typhus fevers. Dr. Fletcher was very much struck by the resemblance 
between the cases which he saw and those which I had described as Indian 
tick typhus. But there were some puzzling differences : Fletcher could find 
no evidence that his patients had been bitten by ticks ; he found that the agglu- 
tination responses were of two kinds in his cases, and both were different from 
those observed in Indian tick typhus. Gradually the differences were explained : 
one kind of tropical typhus turned out to be mite typhus, the other has recently 
been identified with flea typhus. This flea typhus is the latest accession to the 
group of typhus fevers, and its exact position is still somewhat doubtful. It 
gives similar serological reactions to louse typhus and clinically the cases are 
similar to those of mild typhus. But in a paper which came to me two days 
ago from Dr. Pijper of South Africa, who has done a good deal of careful work 
on the subject, it is shown that flea typhus does not protect against louse typhus, 
though the latter protects against flea typhus. Zinsser, on the other hand, 
says that rats harbour the virus of classical typhus, that this is transmitted from 
rat to rat by fleas or by lice, that it can be transmitted from rat to man by 
infected rat fleas, and then from man to man by human lice. Later in his book 
he says the rat virus soon reverts to its original type, and does not continue to 
be transmissible from man to man by lice. This is a point which needs to be 
cleared up. I do not know of any clear evidence that rat typhus in natural 
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conditions does change to the form of human typhus which is communicated 
from man to man by lice, though Mooser, of Mexico, seems to suggest that 
such an event is of every-day occurrence. Can it be that louse typhus and flea 
typhus co-exist in Mexico ? I express no opinion on this subject, but so far 
as tick typhus and mite typhus are concerned, they have been known for many 
years, and I have not heard of any case in which the virus of tick typhus or 
mite typhus has been modified, in natural conditions, so as to behave like the 
virus of louse typhus. Many cases of the former two diseases have been recorded : 
in some of these there must have been opportunities for lice to become’infected 
from the patients, and so to originate an epidemic of louse typhus. But I have 
not heard of a single instance in which there has been a suspicion of any such 
occurrence. Therefore, so far as mite and tick forms of typhus are concerned, 
they differ from louse typhus in that patients suffering from them can be treated 
in open hospital wards without any obvious risk of the disease being 
communicated to other people. If the virus of flea typhus is the same as the 
virus of louse typhus, differing only in a temporary lowering of virulence, then 
there may be a risk of an outbreak of louse typhus originating from a person 
suffering from flea typhus. I hope someone will be able to throw light on this 
very important point. 

To return to the name “ typhus,” there has been, all along, a surprising 
reluctance to use the word typhus to designate the fevers which we are discussing, 
in spite of the fact that they are very like typhus in their clinical features and 
pathology. The fact that their epidemiology is so different seems to have kept 
people from admitting the possibility of their belonging to the same group. 
This prejudice is at last breaking down, and the invaluable Tropical Diseases 
Bulletin has set the seal of its approval on the suggestion that they are forms of 
typhus fever : it has recently classed them as “ The Typhus Group of Fevers,” 
instead of “ Typhus and Unclassed Fevers.” 

Some people go to the other extreme and say that these fevers are obviously 
typhus ; why not call them typhus and have done with it ? In other words, 
why give them qualifying names ? I do not agree with that attitude, because 
these non-epidemic typhus fevers differ so much from the epidemic typhus in 
their mode of transmission, and consequently in the methods of prevention, 
that they deserve a special name. Tick, mite and flea typhus differ from each 
other in certain important respects, but the crucial difference lies between 
epidemic typhus which is transmitted directly from man to man and the non- 
epidemic fevers of the typhus group which are conveyed from an infected 
animal to man by arthropods. 

The latter are thoroughly deserving of special names, at any rate in the 
cases in which the vector can be determined. There are some cases in which 
it is impossible to say which vector is concerned, but we hope that the work 
of Dr. Felix and others on the serological reactions will help us in doubtful 
cases, because there seems to be growing evidence that each kind of typhus 
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shows its own special serological response to the various types of Proicus 
organisms. If it turns out that cacli virus is specially associated with one 
distinct arthropod vector, the provisional classification which I suggested in 
1921 may take a permanent place. 

The nomenclature of tlicse fevers is really a verj' important matter. In 
opening a discussion a year ago I gave a list of 25 names, mostly misleading, 
which had been applied in recent years to the non-epidemic typhus fevers. I 
will not repeat them now, but I am sorry to see that the process of coining new 
names is still being continued. The latest names are even worse than the earlier 
ones : look at the name “ eruptive Mediterranean fever ” ! : I need not bring 
forward arguments in condemnation of that name, you can see how inappro- 
priate it is. Another is “ dothiendcrmic aigue,” I hope we shall not have to 
employ such a tongue twister. The use of the name of the vector as a dis- 
tinguishing name for these diseases is open to criticism. In certain cases we 
are not sure what the vector is, and we have not yet complete proof that the 
same virus may not be communicated by two or more vectors. When I originally 
suggested the names “ louse typhus,” ” mite typhus ” and “ tick typhus I 
would hardly have dared to put forward the proposal, but for the encouragement I 
received from Col. W. F. Harvev, then Director of the Central Research Institute, 
Kasauli, with whom I had discussed the problem. In the cases in which there 
is no clear evidence as to which vector is concerned, we have to fall back on the 
name " non-epidemic tj^^phus fever of unknown vector.” 

Just as there has been much confusion over the names of the fevers, so 
also there have been differences of opinion with regard to the names of the 
associated rickettsia bodies. I must regretfully disclaim the honour which has 
been done me by Amaral and Monteiro, who have proposed to call the virus 
of “ tropical typhus ” by the name Rickettsia megawi : the name is quite inappro- 
priate. General Harvey has suggested a nomenclature which appeals more to 
me ; it is simpler, and corresponds closely to my provisional classification of 
the disease. He suggests Rickettsia orientalis for mite-typhus, Rickettsia nckettsi 
for the tick typhus, and Rickettsia prowazeki for the virus of louse and flea 
typhus. I disagree only in thinking that the virus of flea typhus is deserving of 
a separate name, because it differs rather definitely from the virus of louse 
typhus, perhaps the name Rickettsia murina or R. fletcheri would be suitable 
for the virus of flea typhus. So far as students and practitioners are concerned, 
they may accept as a safe working hypothesis that there are four different kinds 
of fever which have the right to be regarded as members of the typhus group. 
Each tends to conform to a fairly characteristic disease type, the only difficulty 
being that sometimes " inapparent ” forms of them occur in which there is no 
rash and very little fever, but these are not of great practical importance, as they 
do not seem to be transmissible from man to man, and are never fatal so that a 
mistake in diagnosis will do no harm to anybody and in any case will rarely be 
detected. All these four fevers are associated with, and probably caused b}'^. 
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rickettsia bodies, each fever appears to be transmitted by its own special arthopod: 
the louse-borne fever is conveyed directly from man to man, and can rightly be 
called epidemic typhus, while the others are conveyed from an animal reservoir 
to man by fleas, ticks, and mites respectively, and so they are non-epidemic, 
sporadic, place diseases. ‘ 

Speculations as to the remote ancestry of the viruses are of great interest, 
but not of much importance. Experiments for the purpose of discovering the 
behaviour of the virus in the lower animals are of interest and importance, 
but the really essential thing for the doctor to know is, how these fevers behave 
in Nature, how to diagnose, manage and prevent them. 
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Sir John Megaw’s paper is of special interest because he was one of the 
first to draw attention to non-louse-borne typhus, and to realize that typhus 
exanthematicus is not a disease whicli stands alone, but is one of a large group 
of related fevers. 

The non-Iouse-borne diseases of the typhus group have come into greater 
prominence during the last few years because they have spread in places where 
they were formerly unknown, and as they have spread they have sometimes 
become more deadl}’. In the Malay States, tropical typhus was first recognized 
in 1924, and with an intimate knowledge of tlie countr}-- dating from 1903, I 
can vouch that it was a new disease. When I left, in 1927, it was not dangerous 
to life, but by 1931, in which year 220 cases were diagnosed in the laboratory 
alone, the mortalit)' had increased to 12 per cent., and the death of several 
healthy young Europeans had alarmed the public. It has been suggested that 
the mite-borne virus is carried from countr)”- to country by migrating birds in 
the larval mites which often cluster in bunches beneath their feathers (the 
clusters of larv'al mites in a rat’s ear or on a bird’s breast, are so small that they 
look like little patches of scurf or saw-dust stuck to the skin) ; the flea-borne 
virus may be carried over the sea in grain and merchandise as plague is carried. 

One of the most important recent developments in the study of typhus is 
the discover}^ of the virus in the brains of rats in practically every country where 
a careful search has been made. Rodents have been known for many years as 
the carriers of the tsutsugamushi disease, and in 1931 Mooser, Casteneda and 
Zinsser discovered the virus of Mexican typhus in the brains of wild rats 
caught in a gaol where several cases of typhus had occurred among the prisoners. 
The rickettsial Auruses of the typhus group of diseases are carried from rodents 
to man by larval mites, ticks and fleas. In ticks, the virus can pass from genera- 
tion to generation and from tick to tick without the intervention of a vertebrate 
host. In mites, only the larva is a blood-sucker and, as it feeds only once, the 
virus must be passed on through the nymph, the adult and the egg to the next 
generation before it can be transmitted to another host. The adult mite feeds 
only on vegetable juices. It is possible that rickettsiae were originally parasites 
of the plants which form the food of adult mites, and that the earliest typhus-like 
diseases were those carried by mites or ticks. The classical typhus exanthematicus 
probably appeared much later, when men took to living in caves and perhaps 
acquired their lice from the bats with which they shared them. 

The position of murine typhus resembles that of murine leptospirosis 
with regard to the multiplicity of strains ; the work of Lewthwaite shows that 
there are numerous typhus viruses in the rats of the Malayan jungle, where be 
has recovered strains which differ antigenetically not only from human strains, 
but also from one another. The wide diffusion of typhus virus in rats, all over 
the world, raises the important question whether the murine virus can give rise 
to epidemics of classical typhus. Can a person who has become infected with 
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endemic typhus, carried by rat-fleas, originate an epidemic of classical louse- 
borne typhus, if he should happen to have lice in his clothes ? Mooser implies 
that this happens in Mexico, and he has shown that lice can be infected with 
the virus of endemic typhus by intracoelomic inoculation. But the epidemiology 
of the disease makes it appear unlikely that the flea-borne murine virus of endemic 
typhus is continually, under ordinary circumstances, originating outbreaks of 
louse-borne epidemic typhus, though this may happen among a population. of 
lowered resistance in close contact with rats. 

The minute bodies known as Rickettsia which are found in all the diseases 
of the typhus group appear to constitute the virus. Virus-vaccines prepared 
from the rickettsiae of infected arthropods have been in use for some years. 
A potent protective vaccine is prepared in the Rocky Mountain Fever Laboratory, 
at Hamilton, iMontana, from ticks infected with Rickettsia rickettsi, and hundreds 
of people are inoculated with it every year. A vaccine prepared from Rickettsia 
prowazeki is employed for the protection of persons who are specially exposed 
to infection with typhus exanthematicus. It is prepared from the intestines of 
lice infected by Weigl’s method of rectal injection, and a skilled worker can 
inoculate a thousand lice in a day — a number sufficient for the vaccination 
of betiveen 60 and 70 persons. In Mexico, a vaccine prepared from mam- 
malian rickettsiae is employed. Zinsser and Casteneda have found that if 
rats are first exposed to X-rays, and then inoculated with the virus of endemic 
typhus, enormous numbers of rickettsiae appear in the peritoneal exudate. 
These bodies, washed free from extraneous substances, killed with formalin and 
used as a vaccine, give protection against the virus, and produce a positive 
Weil-Felix reaction after inoculation. This vaccine has also been employed 
for the production of an immune serum in horses. 

As regards the classification of the typhus diseases it seems that as Felix 
has already suggested the most satisfactory method is primarily serological and 
secondarily according to vector, A serological test can be applied with ease in 
each individual case but a proved vector can very rarely be found. When 
typhus first appeared in the Malay States it did so as a group of cases clinically 
indistinguishable from one another, and it was the Weil-Felix reaction which 
first showed us that we were dealing with two diseases, differing in their 
immunity reactions, their epidemiology and their vectors. A simple classification 
in accordance with the Weil-Felix reaction alone is not sufficient, for example, 
the diseases due to the virus corresponding to Proteus X19 {i.e. endemic and 
epidemic typhus) must be divided into flea-borne and louse-borne. 

Felix and Rhodes have shown that identity of Weil-Felix reactions accom- 
panies cross immunity, but the mystery of the connexion of Proteus X strains 
with the rickettsial viruses of the typhus group remains imsolved. Strains of 
Proteus XK, which is agglutinated by the blood of people suffering from the 
rural form of Malayan typhus, have been isolated from several patients suffering 
from this disease in the Malay States, but they do not behave as a true virus. 
Dr. Felix is here himself and will doubtless have something to say about this. 
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We have listened to two most lucid reviews of the liistory and of the present 
knowledge of the diseases of the typhus group. To make the picture complete 
one particular aspect of the problem needs to be added, viz . ; the serology 
of these diseases. I shall discuss it ver}'- briefly. All tliose present, I assume, 
are regular readers of the Tropical Diseases Bulletin and are well aware of the fact 
that what was generally presented for many years as “ Typhus and Unclassed 
Fevers ” has recently been transformed into “ The Typhus Group of Fevers.” 
Sir John Megaw, who was a pioneer of this conception, has alread)' mentioned 
this fact. I should like to add, that immunological methods have played the 
decisive role in the process by which this transformation was accomplished. 

In our knowledge of the scrolog)’^ of the t3'^phus group of diseases a turning 
point was marked by Fletcher and Lesslar (1925, 1926) in their studies on 
tropical typhus in the Federated Malay States. This work for the first time estab- 
lished the existence of two distinct serological types of typhus fever. As soon as this 
work was confirmed and amplified (Felix and Rhodes, 1931), two far-reaching 
conclusions had to be drawn : (1) that cases of typhus-like diseases could no 
longer be excluded from the typhus group on the basis of a negative agglutination 
reaction with Proteus X19, and (2) that negative results of cross-immunity 
tests between viruses differing in their reactions to Proteus X did not necessarily 
imply complete diversity of origin. Cross-protection could not be expected 
between viruses which, by their relationship to various serological types of 
Proteus, were shown to be different antigenically. 

The close correlation between cross-immunity and agglutination reactions 
with various types of Proteus X is illustrated in Table I. The Table, which was 
published in the Transactions of this Society (Felix, 1933) demonstrates the 
results only of those experiments on cross-immunity where the test virus 
employed has been the virus of classical louse-borne typhus from Eastern 
Europe or Tunis. 

Table I shows that cross-protection has been obtained only with those 
viruses which possess the same main (or major) antigen as that of classical 
typhus virus, namely the O antigen of type X19. On the other hand, the 
viruses of Rocky Mountain spotted fever and ” fievre boutonneuse ” yielding 
negative cross-immunity tests do not possess main antigens of this type. It is 
seen from the Table that in the latter two diseases the agglutination results 
with type X19, X2, and XK are recorded as group reactions. The remarkable 
fact thus appears to have been well established, that cross-immunity between 
different varieties of typhus virus is accompanied by identity of the serum 
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reactions to Proteus X, while failure to obtain cross-protection coincides with 
dissimilarity in agglutination reactions. 

Table I also shows that the results of cross-immunity tests between different 
viruses of the typhus group can be predicted from the agglutination reactions 
obtained with various types of Proteus X. The same, of course, is also true 
vice versa. I have made such “ prophecies ” on several occasions and so far 
they have not yet proved me a false prophet. It must be stated, however, 
that it is not always possible to determine from the agglutination reactions of 
the patients’ serum whether an antigenic factor is to be classed as main or group 


Table I. 

Cross-Immunity Tests and Agglutination Reactions with Proteus X Types. 


Name of Disease. 

Locality. 

Vector. 

Agglutination 
with Proteus X 
Types. 

Type of 
Main 
Antigen 
of Virus. 

Cross- 
Immunity 
Tests with 
Classical 
Typhus 
Virus. 

XI9 

X2 iXK 

Classical tj'phus 

Eastern Europe 
and Tunis 



"f* 


0X19 

Positive 

Tabardillo 

Mexico 

Lice and 
rat fleas 

+ + -t- 

> 


0X19 

Positive 

Endemic typhus 
(Brill’s disease) 

South Eastern 
U.S.A. 


+ + + 

> 

— 

0X19 

mmm 

Fievre nautiquc 

Toulon (War- 
ships) 

Rat fleas 

+ + + 

} 

— 

0X19 

Positive 

Rocky Mountain spotted 
fever 

Western U.S.A. 

Ticks 

-f 

+ 

+ 

Unknown 

Negative 

“ Fifevre boutonneuse ” 

Marseilles, Tunis 

Ticks 

+ 

4- 

— 

Unknown 

Negative 


+ -!-+= main agglutination. -f- = group agglutination. ? = not tested adequately. 


antigen. For this purpose the most reliable test is that for the production 
of agglutinins in rabbits, by infecting the animals with the virus under test., 
The combination of cross-immunity experiments in the guineapig with tests 
for agglutinin production in the rabbit was, therefore, recommended for the 
analysis of the antigenic structure of different typhus viruses (Felix, 1933, b). 
This procedure has recently been followed in typhus research in various parts 
of the world and to my knowledge the results so far obtained have in no 
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instance been inconsistent witli the thesis of the intimate relationship between 
cross-immunitN' and serum reactions to Proteus X. 

During the last few years the serum reactions of different varieties of 
typhus have been investigated by numerous workers. The following table 
was published two years ago (Feli.x, 1933) showing the agglutination reactions 
of the serum of patients suffering from these diseases, so far as they were known 
at that time. Though the table, according to present knowledge, already 
requires some alterations and additions, it is nevertheless reproduced unaltered, 
in order better to ser\'e the purposes of the present discussion. 

The agglutination reactions recorded in Table II arc specified as main and 
group agglutination and it is seen that of the three types of Proteus X now 
generally used, only two, viz. XI9 and XK have so far been established as the 
main antigenic types of typhus viruses. The third type, X2, is of special 
importance in the tick-borne varieties of typhus, though the question whether 
it is to be considered as a major or minor antigenic factor is still under investiga- 
tion (PijPER and Dau, 1935 ; Davis, 1935). 

The general impression is conve 3 'cd by Table II that the different members 
of the typhus group of diseases would perhaps fall into the same sub-groups 
whether they are classed according to the transmitting vector or according to 
the antigenic type of the virus. And tliis leads to the important question of 
classification which Sir John Megaw has discussed. 

If there were that close correlation between vector and antigenic type 
of the virus, which seems to be suggested by Table II, the classification of these 
diseases would be a simple matter. However, this is not the case. The 
table, although published only two years ago, is no longer up to date and recent 
investigations suggest that the correlation between mode of transmission and 
antigenic tj^pe of the vector is apparent rather than real. 

Firstly, there is the well-established case of the flea-borne endemic typhus 
of world-wide distribution. Its virus is antigenically identical with that of the 
louse-borne variety. More recently Pijper and Dau (1934, 1935) have made 
veiy'^ interesting obsen^ations on three different varieties of typhus occurring 
in South Africa, namely : {a) an epidemic form, occurring in louse-infested 
patients in Basutoland ,• {h) a sporadic form, met with in certain towns and asso- 
ciated with the rat-flea ; (r) the variety knowm as tick-bite fever of South Africa, 
which is prevalent in the open country. Pijper and Dau succeeded in isolating 
the viruses of all three varieties and studied their behaviour in cross-protection 
experiments in guineapigs and in tests for agglutinin production in rabbits. 
All three types of virus appear to be closely related if not identical in antigenic 
structure and this result is in full agreement with the obser\'’ations on the 
agglutination reactions of the patients suffering from the three varieties of the 
disease. If the wurk of Pijper and Dau is confirmed, and I have no doubt it 
will be, we shall be confronted wdth the fact, that South African louse-typhus 
and South African flea-typhus are not identical with similar diseases in other 
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Table II. 

Main and Group Agglutinins in Different Varieties of Typhus. 


Name of Disease. 

Locality. 

Vector. 

Agglutination with 

Proteiis X Types. 

. 

Type of 
Main 
Antigen 
of Virus. 



OXK 

Classical typhus 



-f + -f 

+ 

— 

0X19 

Tabard illo 

Mexico 

Lice and 
rat fleas 



— 

0X19 

Endemic typhus (Brill’s 
disease) 

South Eastern United 
States 

Rat fleas 

+ + + 

f 

— 

0X19 

Fievre nautique 

Toulon (Warships) 


+++ 


— 

0X19 

Endemic typhus 

Australia 

Unknown 

+++ 

+ 

— 

0X19 

Tropical tj^ihus, type W 
(Shop typhus) 

Malaya and Dutch 
East Indies 


+++ 

+ 

— 

0X19 

Tropical typhus, type K 
(Scrub typhus) 

■' 



— 

+ + + 

OXK 

T sutsugamushi 

Sumatra and Malaya 

Mites 

— 

— 

+ + + 

OXK 


Japan 


— 

— 



Rocky Mountain spotted 
fever 

Western and Eastern 
United States 

Ticks 

+ 

+ 

+ 

Unknown 

“ Fievre boutormeuse ” 

Marseilles, Tunis 

" 

+ 


— 

" 

(Febbre eruttiva) 

Italy 

" 

+ 

+ 

+ 

" 

Tick-bite fever 

South Africa 

■■ 

+ 

+ 

+ 


Tick-typhus 

British India 

■> 

? 

■ 

? 

■■ 

Sao Paulo endemic typhus 

Brazil 

■■ 

+++ 

+ 

+ 

0X19 


+ + + = main agglutination. + = group agglutination. ? = not tested adequately. 
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parts of the world. Finall}', there are some recent observations from India 
indicating that what used to be called the tick-typhus of India includes a variety 
of serologically different types of typhus. 

In view of tlicse facts it seems quite obvious that the typhus group of fevers 
cannot be classified according to the transmitting vector. Tlic earlier suggestion 
by Sir John Megaw (1921) to classify the then undetermined typhus-like fevers 
as members of one group of diseases, was undoubtedly an attempt in the right 

Table III. 

Tvrnus Gnoup or Ffa-ebs. 


Sub-group. 

Type XI 9. 

T>-pc XK. 

Tjpe Undetermined. 

Name of disease 

Classical Epidemic 
Typhus 

Japanese Ri\-er Feveh 

Spotted Fever of 
Rocky Mountains 


Tabardillo 

(Tsutsugamushi fever 

Sao Paulo endemic 


Endemic typhus 

of Japan, Malaya and 

typhus 


(Brill’s) of U.S.A. and 

Dutch East Indies) 

Fievre boutonneuse 


Australia, Greece, 

Malay scrub typhus 

Febbrc errutiva 


Syria, Manchuria, 

Scrub typhus of East 

Tick bite fever of 


Malaya (shop tj^phus) 
and Toulon (fie%Tc 
nautique) 

Indies 

S. Africa 

Epidemic and endemic 
typhus of S. Africa 

India tick typhus 

Vector 

Lice and rat fleas 

Mites 

Ticks, lice and rat 
fleas 

Reservoir of 

Rats 

Field mice and rats 

Rodents 

virus 

Man 


Dogs 
? Ticks 

Man 

Agglutination 

X19 + + + 

X19 — 

X19 + 


X2 + 

X2 _ 

X2 + 


XK — 

XIC H — 1 — h 

XK -f- 


direction and so long as the group was composed only of a few diseases the 
differentiation according to vector seemed to fit the known facts. This, 
however, is no longer the case. 

In a recent number of the Journal of the Royal Army Medical Corps (March, 
1935), the classification of the typhus group, as given in Table III above, 
has been suggested. I share the responsibility for this suggestion with Colonel 
J. Heatley- Spencer. 

Table III shows that this classification is based on the antigenic type of 
the virus, on which immunity and immunity reactions depend, and thus follows 
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a principle generally accepted in microbiology. At present it is a simple scheme, 
comprising only three sub-groups. With further growth in our knowledge of 
these viruses this provisional scheme will, of course, grow more complicated. 
Although published only a few months ago the table has already had to be 
brought up to date by inserting the results of the recent work from South 
Africa. It seems to me that the suggested scheme is a correct presentation of 
our present knowledge of these viruses and provides an adequate framework 
for inclusion of results of future work. 
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Discussion. 

Major-General D. Harvey : As Sectional Editor for the Typhus Group 
of Fevers in the Tropical Diseases Bulletin I have the opportunity of studying 
the various papers sent to me. One point Sir John Megaw mentioned, that 
is the question of Brill’s disease in New York. Zinsser and his co-workers 
have recently shown that the virus isolated from cases of Brill’s disease in New 
York is the human or classical old world typhus virus, whereas the virus of 
endemic typhus in America and elsewhere is the murine or rat virus ; if this 
is so it will be necessary to separate endemic typhus from Brill’s disease. If 
the virus of Brill’s disease, which is an endemic sporadic disease, is the classical 
virus then this virus may be both epidemic and endemic. Brill’s disease is 
not carried by lice nor according to Zinsser has the rat-flea, rat, or tick anything 
to do with it, but man himself is the reservoir of the disease. Zinsser believes 
that these cases of Brill’s disease in New York are recrudescences of an infection 
originally contracted in Europe, some 97 per cent, of the cases investigated 
occurred in immigrants from countries in Europe where typhus is or used to be 
epidemic, such as Poland and Russia ; some of these people have been resident 
in New York for from 10 to 30 years ; the disease does not spread to contacts 
born in America. 

Sir John mentioned recent work on typhus in South Africa ; apparently 
the South African viruses of louse-borne, tick-borne and flea-borne typhus 
have their own pecularities ; for instance in South Africa there is not complete 
cross immunity between the epidemic and endemic viruses, whereas in other 
countries a definite cross immunity has been proved. There are also serological 
differences. Apparently the typhus viruses differ in different countries. 

Recently I had a talk with one of our officers just home from India and he 
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considers that mite-borne typhus exists in Southern India and is a severe form 
of the disease. 

There is also the question of the identity or non-identity of the epidemic 
or human virus and the endemic or rat virus. 

Professor Nicolle of Tunis is the leader of the “ dualists,” he considers 
that although the viruses arc closely related they arc not identical and cannot 
readily be changed the one into the other. Mooser and others consider that a 
case of endemic typhus (rat virus) may be the starting point of an epidemic 
of louse-borne typhus under certain circumstances. But this question is one of 
many still unanswered. 

Colonel J. Heally-Spencer ; I think that a great deal of what I was going to 
say has been much more ably said by Dr. Fletcher, Sir John Megaw and Dr, 
Felix, but I will say a word or two about the difficulties of classification. 

The greatest credit is due to Sir John Megaw for his original classification 
on the vector basis. That sufficed so long as we only knew typhus fever in its 
three main divisions : epidemic typhus, Rocky Mountain typhus or fever, and 
Japanese River fever. But it is unfortunate that this original vector classification 
has been extended to try and cover tins complicated group of diseases which we 
know now as the typhus group. In particular, I think the term ” tick typhus,” 
of India, has ceased to be a useful one, and is rather confusing because, under 
this heading, ty'phus fevers are reported in which not only do the antigenic 
properties of the virus var}’^ very much, but in which there is, in most cases, 
only presumptive evidence of tick bite. Recently I looked through a series 
of cases reported under this heading, and I could only find something less than 
1 in 5 in which there was evidence of tick bite. We cannot exclude the possi- 
bility of other vectors, particularly in those which show a preponderance of 
agglutinins to Proteus XK. In some of the recent cases reported as tick typhus 
from India I have seen some with a preponderance of agglutinins to XI9, 
others to XK. A few weeks ago I Avas told of groups in India showing 
agglutinins or agglutinin preponderance to X2. Further details of these cases 
will be given in two papers of importance to be published shortly. 

There is a similar difficulty in adopting a clinical classification. Dr. 
Fletcher has said he thought that the Proteus X19 group ought to be further 
classified as lice and flea spread groups. The classical group might be classi- 
fied on a clinical basis as epidemic, endemic, and recrudescent, the last to cover 
the modern conception of Brill’s disease. 

With regard to the other groups and sub-groups, no clinical classification 
seems possible. We have to come back to the facts available, and they are 
easily demonstrable. The facts are the agglutinating properties to B. proteus 
strains. 

In particular I wish to identify myself with Dr. Felix, particularly from 
the point of view of those who have to lecture to students. You will have noticed 
the complexity of some of Dr. Felix’s earlier tables, and when you have to instil 
their contents into a class of students it becomes a very disheartening thing. 
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Major-General Sir John Megaw (in reply) : I will confine my further 
remarks to one or two points as it is much too late for an exhaustive reply 
to all the matters referred to by the speakers. 

In Table II in Dr. Felix’s paper, you may have noticed that when 
he was referring to the tick typhus of India, he put a query mark in the column 
of agglutination response. When I was studying that disease, the only Proteus 
organism we had w'as Proteus X19 from Kasauli : the response to this was 
negative except for an occasional reaction of 1 in 80 ; a high titre agglutination 
was never observ'ed. 

In reply to Colonel Spencer, I freely admit that the classification proposed 
by me is provisional, but those who have, quite properly, criticised my nomencla- 
ture have not suggested an alternative. If they did, I think their classification 
would be open to more objection than mine. In India, the name tick typhus 
has come into such universal use that every case of non-epidemic typhus is 
usually assumed to be one of tick typhus even when there is no evidence to 
to incriminate the tick. 

Colonel Spencer suggests the use of the name “ endemic typhus ” instead 
of “ non-epidemic typhus.” A year ago, at the discussion in Bournemouth I 
expressed a preference for the name “ endemic,” but unfortunately the word 
has been ear-marked for flea-typhus. Another possible name “ sporadic ” 
typhus is hardly suitable as louse-borne typhus is often sporadic. 

General Harvey criticizes the use of the term “ epidemic ” as a designation 
of louse-typhus, as sporadic cases often occur : the criticism is justified, and I 
have only fallen back on the name for want of a better ; and, after all, other 
diseases are called epidemic although they commonly occur as sporadic cases. 
What I want specially to suggest to the student is to get down to something 
very simple. I suggest that he should fix his mind specially on the two main 
groups, the epidemic and the non-epidemic typhus fevers ; in other words, 
louse-borne typhus, and the non-louse-borne forms of typhus which are 
transmitted from animal reservoirs to man. 

Colonel Spencer suggests that there are several kinds of typhus in India ; 
I agree, and I shall be surprised if we do not find both flea-borne and mite-borne 
as well as tick-borne typhus. But I think most of the cases reported hitherto 
have been tick typhus. Colonel Spencer raised the point that the tick has 
been found only about once in every five cases. I am prepared to accept those 
figures ; indeed, I should have said once in every seven or eight cases. When 
the tick is found it has nearly always attached itself in some situation where it 
is protected from friction by the clothes. In my own case it was attached 
above a prominent collar bone. In others it has been in such sites as the 
external auditory meatus, the umbilicus, among the suprapubic hairs or on 
the scrotum. The suggestion is that in most cases the tick feeds and finding 
its surroundings irksome drops off; only when protected from disturbance 
does it remain attached for any length of time. As the bite is usually quite 
painless the tick often escapes detection, so that failure to find the tick is not 
evidence justifying the exclusion of the tick as a possible or even probable vector. 
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AVITAMINOSIS B2. 

BY 

J. V. LANDOR 

AND 

R. A. PALLISTER,*- 
Malayan Medical Service. 


Introduction. 

Goldberger and Wheeler (1920) in their pioneer experiments on pellagra 
gave eleven volunteer convicts a deficient diet and produced a dermatitis of the 
scrotum in six of them, a dermatitis upon the dorsum of the hands in two cases, 
and an erythema of the neck in one. This they accepted as being experimentally 
produced pellagra in human beings and they considered that probably there was 
missing from the food a specific factor mainly to blame for the occurrence of 
pellagra, and this they designated the PP (pellagra preventive) factor. 

Goldberger and Lillie (1926) having found that dried yeast contained 
the factor that would seem to prevent pellagra in human beings and also 
experimental black tongue in dogs, subjected such yeast to heat for 2|- hours 
in the autoclave at a pressure of 15 pounds, and found that it would then still 
prevent experimental black tongue but would no longer prevent polyneuritis 
in dogs. They also found that they could produce a pellagra-like dermatitis 
in rats which they could prevent and cure by adding autoclaved yeast to the 

*We are indebted to many of our colleagues for assistance in this investigation and in 
particular we wish to thank Dr. Abdul Samat, Dr. K. Damodaran and Dr. H. C. Samuel 
for the supervision of the cases at Singapore and Johore. We wish to acknowledge too, 
our gratitude to Prof. J. L. Rosedale, College of Medicine, Singapore, for help arid advice. 

For permission to publish we are indebted to Dr. R. D. Fitzgerald, Director of 
Medical Service, Straits Settlement, and Dr. G. H. Garlick, Principal Medical Officer, 
Johore. 
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diet which would produce it. They concluded that the factor concerned was 
the PP factor, and that it was the chief if not the only factor concerned in the 
causation of pellagra, of experimental black tongue in dogs, and of their 
experimental dermatitis in rats. 

The Biochemical Society of England about a year later adopted the 
nomenclature of vitamins El and B2 for the anti-neuritic and anti-dermatitic 
portions of the water-soluble B vitamin, while in America Sherman and 
Axtmayer (1927) described them by the letters F and G. While admitting 
that this nomenclature, and even the whole subdivision of the vitamin B 
complex, is still not entirely satisfactory, we have adopted it for the purposes of 
this paper in the absence of an)' better. 

The disease that is to be described in this paper as avitaminosis B2 has 
manifested itself by two sets of symptoms. It may be that two diseases are 
reall)' present but we believe that the symptoms form an early and a late stage of 
one condition. Our reasons for adopting this view will be given later. The 
early stages of the disease are characterised by epithelial tissue changes. An 
eczematous condition of the scrotum and a sore mouth are the main lesions. 
The tongue is affected with superficial glossitis, and the angles of tire lips 
become white and cracked. In the later stages there are nerve symptoms 
suggestive of sub-acute combined degeneration of the cord but nearly always 
accompanied by dimness of vision. 

In various tropical countries symptoms similar to these have been described. 
Jenner Wright (1930) describes as the “ A and B avitaminosis disease of Sierra 
Leone ” a disease characterised by lesions of the mucous membranes and skin, 
especially at the muco-cutaneous junctions, associated with or followed by 
disorders of the nervous system, and curable by the addition of cod liver oil 
and yeast to the diet. He found that subcutaneous injections of 2 c.c. of 
radiostoleum daily in addition cleared up obstinate stomatitis cases in a week. 
There is no reference in this pamphlet to any attempts to cure the disease by 
by 5'east alone. Stannus (1930) has long held the view that such lesions are 
pellagrous and in discussing the literature, particularly with reference to Africa, 
shows how widespread such a condition is. Lucius Nicholes (1933) describes 
a disease occurring in Ceylon prisons the characteristics of which are “a papular 
dry skin eruption frequentl)' accompanied by a mild neuritis and (or) eye 
symptoms such as night blindness, dimness of sight, xeropthalmia or kerato- 
malacia.” These patients are very liable to diarrhoea and dysentery. He 
has given the disease the name phrynoderma because the “ toad skin ” is the 
commonest symptom. He attributes the disease in the main to vitamin A 
deficienc)'. Later he published an account (Nicholls, 1934) of further 
investigations into the incidence of vitamin A deficiency among school children 
and other members of the population. His standards of examination were dry 
papular skin and sore mouth and he found these lesions were widespread. We 
wrote suggesting a wider deficiency might be present and mentioned our 



J. V. LANDOn AND n. A. PALLISTER. 


123 


experiences on B deficiency in Malaya. We think, Iiowever, with him and 
others (Pillat, 1929 ; Loewenthal, 1933) that a papular eruption on an 
abnormally dr}^ skin is probably a manifestation of a deficiency condition of which 
vitamin A is the chief ingredient at fault. The lesion is very rare among the 
patients we are about to describe and our experience of it is limited, 

Fitzgerald (1932) describes an outbreak in an Assam prison of exfoliative 
glossitis with ulceration at the angles of the mouth, with diarrhoea but with 
no alfection of the scrotum. He ascribes it to three factors, (i) excess of condi- 
ments in the diet, (ii) weakness of the intestinal tract from previous illness such 
as dysentery and (iii) slight deficienc}'^ of vitamin B2 in the diet. On removing 
chillies from the diet, 70 per cent, showed improvement or cure (but this result 
was without controls) ; and on adding one ounce of yeast to the diet the figure 
was improved to over 90 per cent. Cod liver oil he found of no value. His 
paper stimulated us to investigate whether irritant condiments played an}’’ part 
in our disease but we have been unable to find any evidence to that effect. 
Moore describes a syndrome in adolescent schoolboys, in an institution in West 
Africa, of dimness of vision, sore tongue and mouth, and itching of the scrotum 
which got better when the boys went home for holidays and so away from the 
institution diet. He came to the conclusion that the disease was due to lack of 
vitamin B2, and we think his syndrome must be very nearly identical with 
ours. In a recent paper, however (Moore, 1934), he blames particular foods also, 
such as “ gad ” and “ kassava ” in Africa, especially for the dimness of vision. 
Goodwin (1934) has recently described a case in London with a skin lesion 
of the phrynoderma type but also with some moist eczema at the corners of 
the mouth. The possible lack of vitamin B was not eliminated, as a liberal diet 
was given in addition to treatment by cod liver oil. We have heard from 
Hongkong that the lesions of the mouth and scrotum are also found in the 
prison there though the nerve symptoms have not been noted. It would appear 
therefore that symptoms of this type are widespread throughout the world. 

Our attention was drawn to the condition because of its prevalence in the 
prisons at Singapore and Johore* that have been recently under our care. The 
disease is not entirely confined to institutions, but cases among the public are 
not common. It is not a new condition and probably is less severe now than it 
was some years ago. A senior member of the prison staff remembers it during 
the whole of his thirty years’ service and he says that it used to be very trouble- 
some. Bowel diseases and other infections are rare in the prison and, apart from 
the disease here described, the prisoners are very healthy : they appear to 
be well fed and complaints are rarely heard. Beriberi, once so serious 
a disease in Eastern institutions, does not now occur either in the peripheral 
neuritis form or in the acute cardiac form, the diet having been planned to 
provide a sufficiency of vitamin Bl. 

*The Johore Prison referred to in this paper is the main prison of the state and is 
situated in the town of Johore Bahru. 
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The routine differs somewhat in the two prisons but it will, be enough if 
some particulars are given of the Singapore Prison. The ordinary long sentence 
prisoner is given for the first few months of his detention manual labour and 
then if his behaviour is satisfactory he either works at his own trade or learns 
some useful trade such as laundering or bookbinding. He receives the lowest 
scale diet (C) at first. After 3 months he progresses to B diet, and after 6 months 
to 1 5 ’’ear he receives A diet, which is the best, for the remainder of his sentence. 
These three diets as given to Chinese (who are the most numerous race in the 
prison) are shovm in the appendix. The diets of other nationalities are very 
similar in tj'^pe differing only to suit custom or religion. The Johore diets differ 
only in minor points from the Singapore diets. The rice given at both prisons 
is usually of the “ parboiled ” variety, i.e., it has been partially cooked before 
husking, and the husk is then removed and leaves a brownish rice grain. Such 
rice may contain a little vitamin B, but as it is reboiled in water before being eaten, 
and the cooking water often thrown away, it is doubtful whether it can be 
regarded as a source of wtamin B. The prisoners are given other foods con- 
taining vitamins B1 and B2, but our evidence in this paper goes to show that the 
supply of B2 must be deficient. 

Signs and Symptoms. 

A. — NEARLY STAGE OF EPITHELIAL LESIONS. 

The eczematous condition of the scrotum is the most troublesome lesion 
and in a well marked case the pain and irritation are almost intolerable. The 
scrotum may present any of the various appearances that are well known in 
eczema (Plate 11, Fig. 6). The worst cases are those of weeping eczema, where 
the skin is red and moist and the exudation of fluid forms crusts. In other 
cases the rugae are all lost and the skin is dry, smooth, red and glazed with 
superficial cracks running across. In some mild cases there is merely a white 
branny desquamation. The different forms seen vary in different individuals 
and, to some extent, the appearances vary from time to time in the same patient. 
The whole of the skin of the scrotum is usually affected about equally and if a 
patchy distribution is obsen^ed it raises a suspicion that an infection of ringworm 
is present. The lesion does not spread on to the surrounding skin but occasion- 
ally a little scurfiness may be found around the anus. The skin at the free 
margin of the foreskin is white and sodden in a few cases. 

If the mouth is now examined a group of lesions will usually be found 
here (Plate I, Figs. 1, 2 and 3). The mouth is not complained of by the prisoners 
to the same extent as is the scrotum. Severe lesions are less common than severe 
lesions of the scrotum but evidence of involvement can be observed in the 
majority of cases. Slight signs are extremely prevalent in the prison and are not 
rare among the poorer members of the general public. The tongue of the average 
coolie frequently presents a different appearance from that of the healthy 
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Fio 1. 

An early case of sore 
tongue. 'J’he papillae are 
prominent and “ geo- 
graphical ” areas can be 
.seen. 



Fig. 2. 

Tongue with an area of 
desquamated epithelium. 



Fig. 3. 

To show eczematous con- 
dition at the corners of the 
mouth. 
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European. It lias a tlvin white fur and may be sligiitly glazed. Indentations 
round the margins made by the teeth arc not uncommon. In the earliest 
stages of this disease the papillae round the tip and margins become swollen 
and red and stand out prominentl}'. Areas on the surface of the tongue are then 
affected in a “ geographical ” manner. The white fur is lost and the under- 
lying papillae are seen to be red and inflamed. As the condition progresses 
the whole tongue is affected. The epithelium is lost and the red sore tongue of 
superficial glossitis results. The final appearance is of a small red tongue 
quite smooth from the desquamated epithelium. Few cases, however, among 
the prisoners become as severe as this. The corners of the mouth are affected 
more or less equally with the tongue. The muco-cutaneous junction in this 
region becomes white and sodden with heaped-up epithelium and painful 
fissures may develop. Oceasionally a little seurfiness may be seen on the skin 
around the mouth. The disease develops in different individuals at different 
times after admission and complaints arc rarely heard until some months have 
passed. Nevertheless about two or three months after entering prison nearly 
50 per cent, of the prisoners develop some or all of these symptoms. In the 
course of a prophylactic experiment 61 control cases were examined at the 
end of 3 months ; of these 23 presented lesions of the scrotum (the stomatitis 
was not considered a definite enough lesion for this e.xperiment). During 
the next few months there is a slight increase and some cases become so sore 
as to be incapable of work if untreated. The natural course of the disease 
appears to last a few months, for it is found that among prisoners of long standing 
(e._g., about 1 year or over) the percentage affected is lower, for example only 
71 were found affected out of 378 such prisoners examined though many more 
(164) said that they had suffered from the complaint earlier. At first sight 
this might be put down to altered diet but this was tested by giving 20 new 
admissions A diet and it was found that there was no appreciable difference 
between this group and a control group of 20. In Johore Prison a survey was 
made on August 29th, 1933, and out of a total of 393 prisoners 138 were found 
affected with sore scrotum and stomatitis, 59 with stomatitis only and 8 with sore 
scrotum only. The percentage with the epithelial disease was thus 52*2, but it 
must be mentioned that in many cases the mouth signs were mild. In the 
Singapore Prison the incidence of sore mouth did not appear to be so severe 
as in Johore. 


B. — LATB STAGE OF NERVE LESIONS. 

In this stage the central nervous system is affected. The first case seen 
complained of pains and weakness of the legs with failing eyesight. The 
condition did not resemble any common nervous complaint but on investigation 
a number of prisoners were found more or less decrepit, with similar symptoms. 
The men affected had all been in prison for a long time and the onset of serious 
symptoms was from six months to some years after admission. Early symptoms 
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in this stage are alterations in sensation in the lower extremities. Complaints 
are made of numbness of the feet or legs or of tingling sensations. Sometimes 
the patients describe pains like needles being jabbed into the limbs. These 
symptoms always seem worse at night. In many prisoners the condition does 
not seem to become worse than this, but in some cases weakness and stiffness 
of the legs develop. About the same time complaint is made of poorness 
of vision which in a few of the bad cases is accompanied by mild photophobia. 
No complaint of night blindness has been received and on being questioned 
the patients say they dislike bright light most. In the majority of cases eye and 
leg symptoms are both present. Cases occur, however, not infrequently where 
only one part is affected. The examination of a moderately severe case reveals 
a few definite physical signs. The patient is a little unsteady especially when he 
is turning and there may be a resemblance to a tabetic gait. Rhombergism 
is present in all bad cases. The knee jerks and ankle jerks are exaggerated in 
most cases but, as in sub-acute combined degeneration of the cord, a few cases, 
often those of long standing, have normal or diminished reflexes. The Babinski 
reflex is either absent or flexor. The sensation is diminished or absent in a 
“ stocking ” fashion to the ankles, knees or even on to the trunk. Both sides 
are nearly always equally affected. Very occasionally the diminution of sensation 
is patchy. Touch, pain, and deep sense are all affected. The cremasteric 
and abdominal reflexes are present. The sphincters are not affected. The 
lower part of the abdomen and sometimes the upper part may show some loss of 
sensation and even the face may be affected. The arms are affected in a manner 
similar to the legs but much less severely and complaints are rare. The tendon 
reflexes are exaggerated and sensation is lost over a “ glove ” area. No inco- 
ordination of the arms has been observed. The loss of vision varies from a 
haziness down to less than 6/60 on Snellen’s test types. No case of complete 
blindness has been observed. Refraction and general physical examination 
do not reveal any gross changes. The most constant finding among severe 
cases is a slight pallor of the optic disc affecting particularly the temporal halves. 
In a few cases conjunctivitis or corneal ulceration, probably coincidental, have 
occurred but no case of xerosis conjunctivae has been seen although such cases 
are not very rare among the poorer Indian members of the public and their 
children. The pupil reacts to light and accommodation but in some cases the 
light reaction is poorly sustained. The condition would appear to be a retro- 
bulbar neuritis followed by a partial optic atrophy. Mentally some of these 
patients appear rather dull but it is doubtful whether there is more change than 
could be accounted for by the physical disabilities. 

All the really definite cases of this central nervous system disease have 
been in prison for over 1 year and, therefore, the evidence of the disease should 
be measured as a percentage of prisoners of over 1 year’s residence. In Singapore 
Prison on the 6th February, 1934, there were 1,210 prisoners of whom 461 had 
been resident for 1 year or over ; on this day there were 34 prisoners (all having 
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been in prison about I year or over) who appeared to be definite cases ; tliat is 
to say, about 7 per cent, of the 461 were affected. A tinrd of tlicsc cases were 
severely crippled. One case only was bedridden. He had been transferred 
to the local hospital (as a prisoner) before we took cliargc of the prison and was 
never under our care. It is difficult to estimate the incidence accurately because 
minor symptoms appear to be much commoner. On the other hand some of tiie 
cases included in the 34 were not at all severe. In the Johorc Prison the 
incidence was similar ; at the survey made on 29th August, 1933, there were 
10 definite cases among 393 prisoners, /.c., 21 per cent. At another survey 
made a month later there were 140 prisoners who had been resident over 
1 year and 9 of them had some or all of these nerve lesions, /‘.c., 6’4 per cent. 
No cases of beriberi cither of the wet or dry type have been observed while 
we have been in charge of these institutions. 

It is convenient here to consider the reasons for supposing that the central 
nen'ous st'stem disease is a late stage of the epithelial disease. A certain number 
of the cases of eczema of the scrotum complain of pain, tingling or numbness 
in tlie lower extremities, or of hazy vision. For example 25 cases of eczema of the 
scrotum were questioned and 9 said that some or all of these symptoms were 
present. As evidence in support of the genuineness of these subjective symptoms 
there is an increased knee jerk which is very commonly found. All the cases of the 
central nervous system disease stated that at some time during their life in prison 
they had suffered from eczema of tlic scrotum. On questioning other prisoners 
of similar length of residence only about two-thirds admit to having had this 
eczema. The work of Mellanbv (1931), however, on this subject must not be 
overlooked. He found that when diets containing a large amount of cereal and 
deficient in vitamin A are eaten by puppies, degenerative changes in the spinal 
cord develop. If the ner\'ous symptoms in the disease we are describing were 
due to lack of vitamin A one would expect to find some evidence of the early 
S)'mptoms of avitaminosis A such as dr}' papular skin or night blindness. These 
symptoms are absent and such evidence as we hav'e points, in our opinion, to a 
relationship between nerve symptoms and epithelial symptoms. 

Etiology and Treatment. 

A. — THE STAGE OF EPITHELIAL LESIONS. 

The disease has .been seen in Chinese, Malays and Indians. One case was 
m a European prisoner. Most are Chinese who form the majority of the 
prisoners. Apart from the prisons at Singapore and Johore where we have 
carried out most of the investigations, we have seen the disease in Kuala 
Lumpur (F.M.S.) Prison, in the Mental Hospital at Singapore, and among the 
bo)'s of the Singapore Reformatory. We see occasional cases among poorer 
members of the public. The patients are nearly all males as they form the 
greater majority of the prisoners. We have seen cases of sore mouth in women 
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and we have no reason to suppose that women differ appreciably in their 
susceptibility. 

Men of various trades and occupations have become affected after entering 
prison. The different tasks, light or heavy, and the different locations in the 
prison do not appear to influence the incidence of the disease. There is one 
exception to this, namely, prisoners who have anj'thing to do with the cooking 
of food rarely get the disease, and this point will be discussed under “ diet.” 
The staff, Asiatic and European, of the prisons have not been found to suffer 
from this disease, though many of them may suffer from ringAvorm of the groin 
or elsewhere. We think that this rules out an infective origin. Their diet 
is under their own control and is not fixed as is that of the prisoners. 

The previous health of the prisoners appears to have no special influence on 
the course of the disease. The Wassermann reactions were taken of the blood 
of ten cases of the disease at Johore and all happened to be negative. 

We have not noted any special degree of anaemia among these patients 
but blood counts have been done and these show nothing worse than a slight 
secondary anaemia. Some of the cases of eczema of the scrotum have also 
tinea cruris in addition ; only a few cases showed the fungus either direct or by 
cultural methods, but it must be borne in mind that such methods do not alwa5's 
show the fungus readily in tropical ringworms. 

Diet. 

In the Johore Medical Report for 1931, the epithelial symptoms are 
mentioned as being prevalent in the Johore Prison and there was a suspicion 
of them being due to vitamin deficienc)^ This report also mentions that the 
disease had been investigated 15 years previously when it was thought to be 
due to the use of tinned-iron plates for food and it appeared to be lessened in 
incidence by the substitution of enamelled iron ones. Aluminium plates 
are now used, however, and it iS doubtful whether the incidence of the disease 
was really affected. The numbers of cases and their severity probably vary 
from time to time. Steam cooking is used at both prisons but the disease 
occurred before this when rice was cooked in open “ kwalis ” (pans). 

The prison diets (Appendix, page 134) have on the whole been carefully 
planned so as to provide what appeared to be a sufficiency of the knoAvn food 
requirements of human beings, including vitamins. Part of the vegetables 
provided are of the green leaf}' variety and probably form the main source of 
vitamins A and C. The anti-neuritic factor has been well provided for in view 
of the previous prevalence of beriberi. Diet C may be criticised as having 
no protein of a high biological value and this diet, and probably diet B, is low 
in the pellagra preventive factor or vitamin B2. The prisoners do not complain 
of their diet nor is there any loss of weight in the patients or in other prisoners 
in general. Prisoners on any of the three diets given may get the disease. 

At the sufwey of Johore Prison made on 29th August, 1933, there were 
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26 prisoners working as cooks and onlj' 2 of these had the disease ; there were 
15 prisoners working as dhobies (laundcrers), the washing being done close to 
the kitchens, and only 2 of these had the disease. At Singapore Prison also 
the cooks were practically all free from the disease. This comparative immunity 
of those working in or near the kitchens when compared with the prevalence 
in other parts of the prisons suggested that these men were appropriating 
small amounts of food extra for themselves and so unknowingly just escaping 
the disease. 

Between 1931 and 1933 it had been noticed in the Johore Prison that 
marvnte appeared to benefit some cases. This was accordingly investigated 
and the results were dramatic. During the second half of 1933, there were 
60 cases of the epithelial disease treated at Johore by half an ounce (15 grams) 
of marmite by weight dail}', given in water ; in two weeks in all cases there was 
definite improvement, and in a month the disease of both mouth and scrotum, 
had practically disappeared in all 60 ; some of the cases (about 10) had obvious 
ringworm in addition and an ointment (a modification of Whitfield’s ointment)* 
had to be applied twice daily to the patches before the lesions disappeared. 
Within a month of stopping the marmite, 20 of the 60 cases relapsed. 

Further experiments were made at Singapore and Johore. Ten cases 
of eczema of the scrotum with stomatitis were given first cod liver oil, two ounces 
daily for four weeks, and did not improve. They were then given the juice 
of two oranges (equivalent to one ounce of orange juice) daily for three weeks, 
and did not improve, some of them getting so much worse that it could not be 
given longer. The same 10 were then given ounce marmite daily and began 
to improve rapidly, most becoming nearly well in two weeks ; 9 of the 10 were 
completely cured after 26 days of marmite, the tenth still having slight redness of 
the scrotum only. 

Autoclaved marmite . — Ten cases of eczema of the scrotum with stomatitis 
were treated with marmite autoclaved in an electrie autoclave at 120° C. for five 
hours ; an amount equivalent to ounce fresh marmite was given daily, 

3 of the 10 were given the modified Whitfield’s ringworm ointment to apply 
to the scrotum in addition and in one month all were cured except one who still 
had slight roughness and itchiness of the scrotum. 

Brewers' yeasty was tried in the following experiments : — 

. Ten cases were given 2 ounces of fresh yeast daily for 28 days, another 10 were 

pven 2 ounces daily of autoclaved yeast (at 120° C. for 5 hours under 20 lbs. steam pressure) 
or tM same time, and a further 10 cases were used as controls without treatment. 

, ^The dose of yeast was increased to 4 ounces daily, and the results were much 


*The ointment used was Ac. Benzoic, grains xxx, Ac. Salicyl. grains xxx, Paraff moll, 
act. oz. 1 . 

tWe are indebted to the Malayan Breweries, Ltd., for a constant supply of fresh 
yeast. The yeast, as used, was mixed with a considerable amount of fluid and samples 
^ned somewhat ; 4 ounces of this yeast probably represents about IS grammes dried yeast 
tbased on Kjeldahl estimations of nitrogen kindly performed by Professor Rosedale). 

c 
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Yeast Experiment A. 

Cured. Improved. 

No 

Improve- 

Discharged 
before 
end of 

Fresh yeast, 2 oz. daily ... 

2 


3 

ment. 

3 

Experiment. 

2 

Autoclaved yeast, 2 oz. daily 

4 


6 

— 

— 

Controls, untreated 

... ... — 


4 

5 

1 


Yeast Experiment B. 

Cured. Improved. 

No 

Improve- 

Discharged 
before 
end of 

Fresh yeast, 4 oz. daily ... 

7 


1 

ment. 

2 

Experiment. 

Autoclaved yeast, 4 oz. daily 

... ... 7 


2 

— 

I 

Controls, untreated 

— 


2 

8 

— 


Later experiments confirmed the value of the yeast and the following figures are taken 
from various experiments where the yeast was used as treatment in control of the action 
of other substances, as compared with control cases on no treatment. 


Yeast Experiment C. 

No 

Cured. Improved. Improve- Total Cases, 
ment. 

Fresh yeast, 4 oz. daily ... ... ... 26 3 — 29 

No treatment ... ... 2 4 24 30 

(In these three experiments the condition of the scrotum was taken as the test lesion.) 

Liver . — Ten cases were put on Ib. of cooked liver daily, 9 were cured 
within 25 days, the tenth in 34 days. The immediate improvement with liver 
was greater than that with yeast or marmite. 

Thus, as regards vitamins, whereas foods containing only vitamins A, 
C or D, did not help the disease, those containing only vitamin B were found 
of very definite value. The fact that autoclaved yeast and marmite were curative 
suggests that it is vitamin B2 which is the missing factor ; it has been generally 
accepted that autoclaving destroys vitamin B1 but not vitamin B2. 

Maintenance doses of marmite . — ^As has been mentioned, after marmite 
is stopped the disease tends to recur in many cases in about a month. Accord- 
ingly five cases of the disease after being cured by marmite, were given a main- 
tenance dose of ounce daily for 15 weeks and remained well. The dose was 
then reduced to one drachm daily and three of the five had a recurrence of the 
disease \vithin 6 weeks, but were soon cured by putting the dose up again to 
ounce daily. It thus seems that the maintenance dose is not very far short of 
the curative dose. 

Local treatment. 

It has already been mentioned earlier in this paper that a fungus infection 
may occur in these cases and it seems quite possible that some low-grade infection 
or a true epidermophyton infection plays a part in the disease. If this is so the 
infection probably acts as an irritant, or on the other hand an eczematous scrotum 
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who were given half pound of cooked liver daily for 6 months improved as 
follows : — 



Vision Test at Beginning. 

Vision Test after 6 Months’ 
Liver Treatment. 

Case 1 

R 

1/60 

R 

6/ 9 


L 

1/60 

L 

6/ 9 

Case 2 

R 

3/60 

R 

6/36 


L 

6/60 

L 

6/ 9 

Case 3 

R 

6/24 

R 

6/ 9 


L 

6/60 

L 

6/ 6 

Case 4 

R 

6/24 

R 

6/lS 


L 

1/60 

L 

6/36 


Iron, marmite, yeast, liver, and cod liver oil were all tried in treatment. 
Liver seems tlie most beneficial of these but we have not as j'et done sufficient 
work to form conclusions on these forms of treatment. 

Discussion. 

We have described a disease occurring in large numbers of the inmates 
of prisons and other institutions in Malaya and occurring sporadically amongst 
the general public. The disease is curable in the early stages by the use of 5 'east 
or marmite, fresh or autoclaved, and is, therefore, presumably due to a deficiency 
in the diet of the vitamin variously called B2, G or the PP factor. We find 
no support for the view that any of the symptoms are due to a lack of fat-soIuble 
vitamin but to exclude altogether other dietetic deficiencies would perhaps 
be unwise, for a diet ill-balanced in one ingredient is quite possibly ill-balanced 
in others. The possibility of a toxic excess of cereals or of an unrecognized 
food deficiency cannot be easily excluded. The evidence we have put forward 
points particularly to the lack of vitamin B2. The relationship of the disease 
described (which seems very like Goldberger’s experimental pellagra) and 
classical pellagra is interesting, but a little obscure. As far as our knowledge 
goes the dietetic deficiencies in the two conditions are similar ; yet typical 
pellagra does not occur in Malayan prisons, though sporadic cases are found 
in the general public. ViswALiNGAM (1917, 1918, 1929) was the first to describe 
it in Malaya. Three cases of typical pellagra among several others seen recently 
by us, may be briefly described here ; one was a hawker, one a fisherman and 
one a rickshaw puller. They were all Chinese and polished rice was the staple 
article of diet. The first two of these cases showed the typical distribution 
of pellagra pigmentation and dermatitis on the dorsum of the hands and feet, 
legs and arms, and back of neck. They also had diarrhoea Avith blood and 
mucus in the stools. The hawker had a stricture of the rectum and the fisherman 
on sigmoidoscopic examination showed ulcers resembling those of chronic 
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amoebic dysentry, though no amoebae or cysts could be found. Possibly the 
rectal ulceration was pellagrous. 

The rickshaw puller had pigmentation and dermatitis on the hands and 
feet and on the back of the neck, but also had scaly dermatitis of the scrotum 
and stomatitis at the angles of the lips. In addition to these symptoms he had 
dilatation of the heart and absent knee jerks. This patient thus had the symptoms 
of pellagra pins those of the syndrome we are describing pins those of beriberi. 
Photographs of this case are reproduced (Plate II, Figs, 4 and 5) which show the 
condition of the hands and feet fairly well but which unfortunately do not repro- 
duce the scrotal condition well. All these pellagra cases lost their symptoms 
rapidly with marmite treatment. 

Goldberger, Wheeler and other workers have found that dermatitis of 
the genital or anal region and stomatitis often occur in pellagra. Hutter, 
Middleton and Steenbock in a recent paper (1933) have brought forward 
evidence that the atrophic or sore tongue seen in such conditions as pernicious 
anaemia, sprue, pellagra, etc., is due to a deficiency of vitamin B either in the 
diet or owing to poor absorption in the alimentary tract. We have not found 
any cases of dermatitis of the hands or feet in our prison cases although some 
of the men work in the sun. Possibly pellagra may be uncommon in Malaya 
because the humid atmosphere cuts off much of the burning action of the sun. 
Whether the difference between pellagra and the disease we describe is one of 
external irritant or dietetic or toxic or climatic is at present but speculation. 
On the other hand we appreciate that there is much resemblance between the 
disease we have described and pellagra, but we feel that it would be incorrect 
to use the term pellagra for it and prefer to consider it avitaminosis B2. 

Summary. 

1. A disease occurring in Malaya, particularly in institutions, is described. 
The main lesions in the early stage are eczema of the scrotum, eczema of the 
angles of the mouth and superficial glossitis. In the late stage the symptoms 
are those of combined degeneration of the cord and poor vision. A brief survey 
of the literature shows that symptoms of this type are widespread throughout 
the world. 

2. The etiology is discussed and evidence given to show that the early 
stage is due to an avitaminosis B2 and that the late stage is probably due to a 
similar deficiency. 
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APPENDIX. 

Singapore Prison Diets for Chinese. 


Rice 

“ A ” Diet. 

16 oz. 

Bread 

• • •» •• •• 

4 „ 

Vegetables 

• • •• •• 

12 „ 

Fresh Meat 

. ♦ • * • • • » 

4 .. 

(Four times a week pork and three times 

a week beef.) 

Fish 


3 oz. 

(Four times a week fresh and three times a 

week salt fish.) 

Dhal* (Once a 

week only) 

2 oz. 

Cocoanut oil 

• • •• •• •• 

1 ,, 

Curry stuff 

• • «• •• •» 

1 

Salt 

• • •• •• •• 

i » 

Rice 

“ B ” Diet. 

20 oz. 

Bread 

• • «* •• •• 

4 „ 

Vegetables 

.« •• •• ,• 

6 „ 

Fish 

• • •• •« •• 

4 „ 

(Jgour days a week fresh and three days a 

week salt fish.) 

Dhal* . . 


3 oz. 

Cocoanut oil 


1. 

Curry stuff 


1 » 

Salt 


X 

Rice 

' C ” Diet. 

20 oz. 

Bread 


4 „ 

Vegetables 


6 „ 

Beans (soya) 


5 „ 

Cocoanut oil 


JL 

Curry stuff 


1 „ 

Salt 

>• .• -• •• 

3 

4 if 


*The small green pea, Phaseolus radiatus, is used for Chinese. 
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Transactions of the Royal Society of 
Tropical I'.Iedicine and Hygiene. 
Vol. XXIX. No. 2. July, 1935. 


A NOTE ON PERIODIC BANCROFTIAN FILARIASIS. 

BY 

CLAYTON LANE. M.D. (Lond.), Lt.-Col. I.M.S. (Ret.). 


This note is an attempt at measuring the value of papers on infection 
with periodic Wuchereria hancrofti which have been made public in these 
Transactions during the last three years.* In doing so comparisons have had 
to be made with other papers in other journals. 

THE OPTIMUM HABITAT OF THE ADULT WORMS. 

O’Connor and Hulse (1932) gave an account of a boy in whose night blood 
Microfilaria bancrofti was present and who had a right inguinal swelling. After 
this had been cut out by Klein between 1,43 and 2.28 p.m. it was seen to be 

*It is, in addition, an attempt to put the argument into “ Basic English,” as a step 
towards the international standardisation necessary for further simplification so far as one 
with little experience has been able to do so. 
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APPENDIX. 

Singapore Prison Diets for Chinese. 
“ A ” Diet. 


Rice 
Bread 
Vegetables 
Fresh Meat 


16 

4 

12 

4 


oz. 


[Four times a week pork and three times a week heef.) 
Fish . . . . . . . . . . 3 oz, 

{Four times a week fresh and three times a week salt fish.) 


Dhal* {Once a week only) 
Cocoanut oil 
Curry stuff 
Salt 


“ B ” 

Rice 
Bread 
Vegetables 
Fish 

(Four days a week fresh and 
Dhal* . . 

Cocoanut oil 
Curry stuff 
Salt 


Rice 
Bread 
Vegetables 
Beans (soya) 

Cocoanut oil 
Curry stuff 
Salt 

•The small green pea, Phaseolus radiatus, is used for Chinese 


Diet. 


three days a 


Diet. 


2 

1 

1 


oz. 


1 

2 


20 oz. 

4 „ 

6 „ 

4 „ 

week salt fish.) 
3 oz. 


1 


20 

4 
6 

5 


oz. 


1 

3 . 

i 
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A NOTE ON PERIODIC BANCROFTIAN FILARIASIS. 

BY 

CLAYTON LANE. M.D. (Lond.), Lt.-Col. I.M.S, (Ret.). 


This note is an attempt at measuring the value of papers on infection 
with periodic Wuchereria hana'ofti which have been made public in these 
Transactions during the last three years.* In doing so comparisons have had 
to be made with other papers in other journals. 

THE OPTIMUM HABITAT OF THE ADULT WORMS. 

O’Connor and Hulse (1932) gave an account of a boy in whose night blood 
Mia-ofilaria bancrofti was present and who had a right inguinal swelling. After 
this had been cut out by Klein between 1.43 and 2.28 p.m. it was seen to be 

*It is, in addition, an attempt to put the argiunent into " Basic English,” as a step 
towards the international standardisation necessary for further simplification so far as one 
with little experience has been able to do so. 
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made up of five lymph glands, in or by the side of which 21 adult worms of this 
species were present — 11 dead, and 10 healthy and clearly living at the time of 
operation. Again just this mixture of dead and living worms was present 
when O’Connor, Golden and Auchincloss (1930) cut out “ focal spots,” 
that is to say those places which may give pain during an attack of lymphangitis 
or elephantoid fever in filarial persons, specially in the thighs or legs ; and in 
their hands X-rays made it clear tliat shadows, such as are made by calcified 
worms, came from bodies in Hunter’s canal, and moreover that fifteen like 
shadows or groups of shadows were present in one elephantoid leg. That their 
view of the cause of these shadows was right became clear when some of the 
focal spots which had made them were cut out and calcified worms were in fact 
seen within them. Again Hamilton Fairley (Discussion, in O’Connor, 1932) 
gave an account of the discovery of worms in a focal spot taken from the right 
arm. As to the lymph glands O’Connor gave detail to the matter by his state- 
ment that the habitats of 75 per cent, of these filariae were in the lymph vessels 
round the glands, or in the capsule and the cortical sinuses of the glands. While 
it is true that the most common place in which the worms are seen is within 
the scrotum, in order to be sure that they are frequently present in other places 
there is no need to go beyond these Transactions. They have, however, 
seen two opposite views given on this point. Grace (1934) said, “ Our con- 
ception of these ‘ focal spots ’ is that tliey are due to tissue reaction to the 
presence of bacteria, and that the worm is there because there are so many in 
the tissues, and that it is dead because it has been killed by the bacterial toxin.” 
Evidence was not given by him then, and has not been given by anyone else, 
that worms are in fact present in such large numbers. Romiti’s quite opposite 
opinion (1935) is this. The site where the worms are always found is the same 
viz. in the distal portion of the lymphatic plexa [sic] of the cord, in proximity 
to the epididymis. . . . Immature living worms were found in a few instances 
in the lymph glands draining the genital organs [which are the lumbar glands] 
and in every case the presence of the worms was the cause of important clinical 
manifestations. . . . The author has not been able to find adult worms in any 
other situation, nor to observe in any other district of the lymphatic system, the 
lesions which are characteristic of invasion by the adult worm.” Moreover, 
having seen worms making their way out of tissues which had been cut out of 
the living body and put into normal saline, Romiti’s view is that they did so 
because of fall in temperature and clotting of lymph, and that they will make 
their way equally readily within the body from superficial to deep lymph 
vessels after death if these are open. The sense of all this seems to be that 
if adult worms are found outside the sex organs they have got there after death. 
That is not so, as one example of many makes very clear. In a Demonstration 
before this Society of sections made by O’Connor there was put out one (Lane, 
1934) of a left inguinal gland cut out at operation by Knott at 11.30 a.m. and in it 
was seen a female worm, whose uteri were full of outstretched microfilaria:. Quite 
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certainly the worm was there during the man’s life, and, as already said, the 
draining of lymph from the epididymis or cord is not into the inguinal glands. 
There is no ground at all for the statement that worms, present after death in 
places other than the cord or epididymis, had their habitat in those special 
parts of the sex S 3 'stem during life. 

These theories take no account of known facts. The writer’s own (Lane, 
Discussion, in O’Connor, 1932) is that after an infective larva from the mosquito 
has made its way into the skin of man, it has before it the lymph and blood 
escalators. If it takes the lymph escalator it may come to a stop somewhere in 
tlie slow lymph current, and there grow to adult condition ; either somewhere 
in the arm, thigh or leg as is seen from Golden’s X-ray work, or at the first 
lymph gland to which it comes. By the blood current infective larvae are at 
once taken off to the right heart, lungs, left heart, and so to all pai ts of the body ; 
if the capillar}'’ to whicli sucli a larva is taken is “ suitable,” whatever that very 
real condition means, it makes its way through the walls into the tissues, 
apparently into a lymph vessel, and becomes full grown there ; if it is not, it 
is taken on through the veins, till by the blood current it comes to some place 
which is so, or till it dies. By this theory the behaviour of these larvae is 
that which would reasonabl}'’ be looked for from our knowledge of that of others 
in like conditions ; it makes clear how it is that in males most worms are present 
in the organs of sex. 

A FORWARD MOTION OF MICROFILARIAE OR THEIR CARRIAGE BY BLOOD 

OR LYMPH ? 

The birth of microfilariae takes place on the lymph escalator, but it is in 
the blood that their periodicity is commonly seen. They can come to the 
blood current either by the use of the whole of the lymph escalator up to its 
opening into the vena cava, or by taking a short cut through the walls of both 
escalators, as for example in a lymph gland where they seem specially close to 
one another. But can the lymph current take microfilariae through a lymph 
gland from the incoming to the outgoing vessel ? I have made the suggestion 
(Lane, 1933) that it cannot, because O’Connor had never seen microfilariae in 
the outgoing lymph vessel, because Drinker (1933, and in Lane, 1934) had 
given such beautiful evidence of the spider’s web qualities of the glands in the 
stopping of bacteria, because larvae, often clearly dying, have been seen in them 
in great numbers, and because the glands in this infection finally become little 
but a network of wide lymph vessels, the main lymph current not going through . 
their working parts at all. It has seemed to me that only through such 
“ bypassing ” of the true gland substance can microfilariae get into the blood, 
in other words, that a long “ latent period ” is necessary between the time 
when these became adult and that at which their young are first seen in the 
blood. The reason given by Romiti (l.c.) for the fact that children are free 
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from infection is different. “■ It is only when the sexual organs [of man] have 
reached maturity that Filaria bancrofti finds the normal habitat to complete its 
normal cycle.” The reasons, for which I cannot give my agreement to the 
opinion that the sex organs are the necessary site of mature worms, have been 
put forward above ; the facts are not against my own theory. 

On the other hand Drini^r, Augustine and Leigh (1935) say : “ The 
microfilariae of Dirofilaria immitis pass through normal lymph nodes with great 
ease. ... By analogy it is suggested that the microfilariae of Wuchereria bancrofti 
in the lymph stream will not be measurably impeded by lymph nodes in their 
journey to the blood stream.” The meaning of the first part of this statement 
seems to be that Mf. immitis goes with little trouble through a gland in the 
lymph from the incoming to the outgoing lymph vessel. But from Table I of 
their paper it is clear that, when 16,141 of these larvae were put into the incoming 
lymph vessel of the popliteal gland during 85 minutes, only 125 got as far as 
the outgoing vessel, in other words there was a loss from the lymph of 99*2 per 
cent, of them. Again from their Table II it will be seen that of 88,252 micro- 
filariae put into the incoming lymph vessel of another lymph gland during 114 
minutes, 1,400 got as far as the thoracic duct, that is to say no account could 
be given of 984 per cent, of these tens of thousands. The statement, then, 
that Mf. immitis can “ pass through normal lymph nodes with great ease,” has 
not on its face the sense which the ordinary reader will give to it. Clearly the 
microfilariae were not let through the gland on the lymph escalator. Three 
different things may have taken place ; they were kept back in the gland 
undamaged, or they underwent destruction there, or in some way they got off 
the escalator. These writers make note of the small numbers of microfilariae 
which can be seen in sections of these glands ; Professor Drinker has most 
kindly sent me some of them, and I am certain microfilariae are not there in 
the great quantities in which they should be had they simply been kept back 
in the glands. There is no evidence of their destruction. Seemingly, while in 
the gland, they have made their way from the lymph to the blood escalator. 
That the last is so, seems probable from these writers’ statement that Mf. immitis 
is present in numbers in the lymph in different parts of the body. Since it can 
by its own act get from its birth-place in the blood to the lymph, it should be 
able in the same way to get from lymph to blood, specially in the lymph glands 
where the escalators do not always seem to be quite separate. At all events, 
whatever the reason, it is in harmony with the facts to say that only with great 
difficulty can Mf. immitis get from the incoming to the outgoing lymph vessel 
of a lymph gland. 

Next these writers make the suggestion that by analogy Mf. bancrofti “ will 
not measurably be impeded by lymph nodes in their journey to the blood stream.” 
The reason for this analogy is partly the writers’ opinion of the behaviour in 
like conditions of Mf. immitis, which as just seen, I take to be a wrong one ; 
partly on the fact that when mapping out its journey on a blood slide the rate 
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of fonvard moving of Mf. imviiits was 0-14 to 0’19 mm. a minute, wliercas that 
of A'lf. Ion was 0-37 mm. a minute.* If Mf. hmicrofii can by its own act normally 
make its way tlirough 15 'mph glands without the loss of its sheath, how is it 
that other sheathed larvae such as those of hookworms cannot do so when the 
tissue in question is the skin ? For it is a commonplace that the sheaths of these 
may be seen in numbers on the skin into which larvae have made their way 
and another that Mf. haucrofii in fresh blood is so nearly always sheathed that 
to come across it otherwise, as in some of Knott’s experiments, is something 
for special note. It does not seem possible that these microfilariae should so 
regularly get into the blood, complete with sheaths, if their normal way of doing 
so were by force through even such a loose structure as that of the sinuses of 
lymph glands, for even there it is probable that their known movements will 
send the loose ends of their sheaths whipping round the fibres in the sinuses, 
and that they themselves will get away only after they have broken through 
these. An obserx'ation by Dyce Sharp (1927) should be kept in mind here. 
The normal habitat of Mf. volvulus is lymph, and his words are “ The embryos 
are commonly found in the lymph glands of tlie groin and elsewhere, sometimes 
in enormous numbers.” Arguments by analogy, even from one sort of unsheathed 
lan'a to another, may, then, lead to quite wrong conclusions, those from 
unsheathed to sheathed larvae are even less safe. 

REACTIONS OF MICROFILARIAE AND LYMPH GLANDS TO ONE ANOTHER. 

On the question of the analogy between Mf. inuniiis and Mf. bancrofii it 
has been noted that these writers saw no evidence of damage to Mf. wimitis 
in lymph glands, and no reaction in these structures to the larvae. But in the 
case of Mf. bana-qfti it was beyond question that their destruction was taking 
place and that its effects could be seen in sections made by O’Connor and put 
out at this Society’s Meetings (Lane, 1933, 1934), for there were present in them 
calcification or feeble nuclear staining on the one hand, and on the other the 
sinuses were full of cells, and there was a fibrosis which was clearly a later 
effect. The point of this discussion is that analogies between the behaviour of 
Mf. bana'ofti and other microfilariae in experimental or natural infection, and 
the reaction of the tissues to these, cannot be truly or safely made. 

PERIODICITY. 

In Knott’s summary (1935) the chief points are taken to be these. It is 
hard for microfilariae to go through capillaries from arteries to veins, moreover, 

*These numbers have no relation to the idea that Mf. bancrofti can keep its position 
in the heart in the very much quicker current in existence during contraction. It has not 
even a rheotaxis. 
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being less strong in day blood than in night blood they are kept back in capillaries 
by day but get through them by night because of their greater power then, and 
this he says is the mechanism of their night periodicity. As to their different 
activities by night and day, this observation was, it seems, first made by Myers 
(1881) whose account of the daytime microfilaria -was, “ The contrast with the 
vigorous, rapidly-moving organism seen at night was very marked,” for by day 
all were iveak and became outstretched. It is an observation on which, however, 
there does not seem to be agreement, and I have no knowledge of any recorded 
observation that these animals, if kept living outside the body for more than 
twenty-four hours, are more active by night than by day. But Knott’s own 
work makes it clear that this theory of the cause of microfilarial periodicity 
cannot be right. If the amount of man’s blood is taken as being 3,000 c.c., 
then Knott put into the blood vessels of Case S.G. enough microfilariae to make 
up 283 in every c.c. of his blood, but none were ever seen again even after looking 
through 25 c.c. of blood, 5 c.c. of this being taken from him five times during 
48 hours. Now this injection of microfilariae was given to S.G. at 10.40 p.m. 
at a time that is when the amount of motion of the larvae should have been near 
its greatest ; while the blood, and they in it, had been outside the body of man 
for ten minutes only. If their periodicity were dependent on their own acts 
they should have been seen in the blood at once. They were not seen at all. 

As to the observation that microfilariae are kept back in the capillaries, 
Knott’s new work is an agreement with that of Warrington Yorke and 
Blacklock (1917), though the opinion of these as to the mechanism at the back of 
things is quite diiferent. “ Microfilariae were to some extent held up in their 
passage through the cutaneous vessels. . . . Obstruction to the passage of the 
larvae through the cutaneous vessels undoubtedly aids in the piling up of lar\"ae 
in these vessels, but this factor operates at all hours of the day and night and is 
in no way responsible for the nocturnal periodicity.” 

Knott gives details of a technique for the treatment of a large amount 
of blood in such a way that any larva in it comes into view. Use was made of 
this technique after the injection of microfilariae into the blood, but in no case 
does his language make clear that it was in use before the injection. The sugges- 
tion from the wording of the paper is that it was not. If so his method before 
microfilariae were put into man was a rough one and after that event a delicate 
one, so that no right comparison between the numbers of larvae seen in the 
two groups of observations can be made. 

A word must be said about two more of Knott’s experiments. Case C.A. 
had an infection with 294 microfilariae in each c.c. of his 3,000 c.c. of blood ; 
the addition of more at the rate of 700 for each c.c. of his blood gave numbers 
of 276, 256, 232, 280, and 248 per c.c. in five samples taken during the next 
hour ; all the numbers were less than those seen before this nearly three-fold 
addition. .Case E.D., of 18th March, 1933, came from an island where filariasis 
was endemic and may well be an example of the effect of the use of different 
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lysozyme are real, and ficin can make parts of living ascaris into a liquid and 
nothing more. 
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MENINGITIS DUE TO MUCOID-ENCAPSULATED BACILLI. 

REPORT OF TWO CASES. 
by 

L. J. DAVIS, M.D., M.R.C.P.ED., 

AND 

F. S. FERNANDO, M.B., B.S.* 

From the Department of Pathology, University of Hongkong. 


Introduction. 

This paper deals with the laboratory findings of two fatal cases of meningitis 
recently encountered in Hongkong, the causal organisms being identified 
respectively as Bacteriiivi aerogenes and Bact. friedldnderi. 

Whether these organisms should be assigned to the same group appears to 
be a controversial question. As Topley and Wilson (1931) point out, although 
the exact nature of the relationship existing between the two organisms -is 
unknown there is a preponderance of opinion that they are related. Ford (1927) 
classes them together in the mucoid-encapsulated group. There appears to be 
general unanimity of opinion concerning the criteria for the differential indentifi- 
cation of Bact. aerogenes, namely the production of acid and gas in lactose and 
most other carbohydrates commonly employed, inability to ferment dulcitol, 

*We wish to record our indebtedness to Dr. D. K. Samy and to Professor W. I. 
Gerrard, O.B.E., for the clinical data of Case 1 and Case 2, respectively, and to Dr. G. H. 
Thomas for the postmortem findings in Case 1. 
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positive Voges-Proskauer reaction, negative methyl red reaction, inability to 
form indol but ability to grow in citrate broth. The behaviour of different 
strains of Bact. friedlanderi to the usual biochemical tests varies so widely, 
however, that no particular set of criteria serves for the positive identification of 
this organism. Its reaction to each of the first four tests mentioned above is 
conflictingly described by various authors, Hewlett (1926), Bergv (1926), 
Stitt (1927), Ford (1929), Mackie and McCartney (1934), Topley and Wilson 
(1931), and Shaw (1931). There is nevertheless general agreement that the 
organism is a Gram-negative encapsulated non-motile bacillus, characterized by 
a mucoid growth on agar, unable to liquefy gelatine, but capable of fermenting 
most of the carbohydrates commonly employed with production of acid and, in 
the case of most strains, gas. 

References could be found to only four previous cases of meningitis due 
to Bact. aerogenes. It is not improbable, however, that owing to inadequate 
bacteriological criteria this organism has occasionally escaped proper identifica- 
tion and been classed as Bact. friedlanderi. In the earlier literature Schieb 
(quoted by Abel and Hollwachs, 1913) and Beitzke (quoted by Shaw, 1931) 
record cases apparently due to Bact. aerogenes. More recently Deane and Shera 
(1928) in England, and Shaw (1931) in U.S.A. described fatal cases due to 
this organism. 

Of reported cases ascribed to Bact. friedlanderi, Rothschild (1931) gives a 
comprehensive survey, and himself reports a non-fatal case. The bacteriological 
data set forth in this author’s paper would, however, hardly warrant the exclusion 
of Bact. aerogenes as the causal organism. Unfortunately, most of the earlier 
papers reviewed by Rothschild appeared in Continental journals not available 
here. It would seem that the total number of previous cases falls short of 
twenty. Russel Brain and Valentine (1928) described a fatal case of meningitis 
due to an organism they identified as B. mucosns capsulatus. It was a non- 
motile encapsulated Gram-negative bacillus forming acid but not gas in dextrose, 
mannite and lactose, failing to ferment inulin and dulcite, acidifying but not 
clotting milk, and virulent to mice. It will be seen that its reported characteris- 
tics closely correspond to those of the organism isolated by us from Case 2. 
Kliewe (1928) isolated from a fatal case of meningitis in a two months old 
infant, a mucoid encapsulated bacillus. This organism, however, liquefied 
gelatine. Kliewd named it Bact. mucosnni mutabile. 

Case 1. 

A Chinese female aged 29, 8 months’ pregnant was admitted to a maternity hospital 
complaining of having felt no foetal movements for 4 days . Five days later she was delivered 
of a macerated foetus. During and after labour she developed pyrexia and after a further 
5 days meningeal symptoms appeared. She was thereupon transferred to the general 
hospital where she died the same evening. An autopsy was performed by Dr. G. H. 
Thomas, who kindly informed us that the brain, especially the vertex was covered with 
thick viscid greenish exudate, and that no gross pathological lesions were encountered in 
the other organs. 
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Bacteriology, 

A sample of the cerebrospinal fluid taken the day before death was immedi- 
ately sent to this laboratory where it was examined within half an hour of its 
receipt. It was found to be turbid. Examination of a film showed many poly- 
morphonuclear leucocytes and numerous extra-cellular Gram-negative cocco- 
bacilli. The fluid was cultured aerobically and anaerobically on various media. 
In all cases a pure culture was obtained. 

Three days before the patient’s death a sample of the lochial discharge was 
also examined in this laborator}'. Gram-negative bacilli and staphylococci were 
found in direct smears and on culture. The bacilli were subsequently found 
by all the criteria employed to be identical with the organism isolated from the 
cerebrospinal fluid. 

Morphology. — The organisms were Gram-negative. In an IS hour broth 
culture, stained with dilute carbol-fuchsin they appeared as cocco-bacilli. The 
coccoid forms appeared in pairs ; the bacilli singly, in pairs and occasionally in 
short chains. The bacilliform organisms measured 1'5-3'5/x X 0-4-0-6/i. 
Capsules were readily demonstrated by various methods. The technique 
described by Howie and Kirkpatrick (1934) was found to be very convenient 
and successful. Capsules were present in cultures as well as in animal fluids. 
The organisms were invariably non-motile. No spores were demonstrated. 

Cultural Characters. — On agar plates after 24 hours aerobic incubation 
at 37°C., the colonies were round, smooth, yellowish-white, convex with opaque 
centres and translucent entire edges, 2-4 mm. in diameter. In consistence they 
were mucoid and emulsified readily. After 7 da}'s incubation the colonies 
became papillate. On agar slopes the growth was abundant, raised and mucoid. 
Anaerobic cultivation resulted in a poor growth. On McConkey plates, the 
colonies were pink, glistening, mucoid, low convex with an entire edge averaging 
3 mm. in diameter. On rabbit-blood slopes, 24 hours at 37° C., the growth 
was abundant, greyish- white in colour. On Loeffler’s serum, 24 hours at 37° C,, 
the growth was white and mucoid, no liquefaction of the medium occurring. 
In nutrient broth, after 24 hours at 37° C., the growth was thick, of uniform 
turbidity. A gelatine stab culture after 7 days at 22° C. show’^ed growth along 
the line of the stab, with a somewhat heaped-up “ nail-head ” appearance at 
the surface. No liquefaction of the gelatine occurred, but gas bubbles formed. 
Potato slope culture resulted in a pale yellow mucoid growth wnth abundant gas 
formation in the water of condensation. 

Biochemical Reactions. — These are set forth in the accompanying table. 

Pathogenicity. — Mice : 0-01 c.c. of an 18-hour broth culture w'as fatal 
within 72 hours whether the inoculum w'as injected intraperitoneally, intra- 
venously or subcutaneouslJ^ 0-001 c.c. w^as non-fatal. Guineapigs : intraperi- 
toneally, 0-01 c.c. W'as fatal to one of tw'o animals injected. Subcutaneously, 
0-1 c.c. was non-fatal. Rabbits w'ere resistant to 0-1 c.c. inoculated by any 

D 
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route. In animals dying in these experiments the organisms were in all cases 
isolated from the blood stream. The most constant pathological findings were 
enlargement and congestion of the spleen and congestion of the adrenals. In 
animals dying following intraperitoneal inoculations, the exudate contained 
macrophages and a few lymphocytes, polymorphonuclear leucocytes were not 
seen. 


Table. 

Biochemical Reactions of Orcanisms. 





Test. 

Case 1. 

Case 2. 

Glucose 

A G 

A 

Sorbitol 

A G 

A 

Galactose 

AG 

A 



(in 3 days) 

Lactose 

A G 

0 

Salicin 

A G 

A 



(15 days) 



(in 10 days) 

Maltose 

A G 

A 

Inosite 

A G 

A 

Saccharose 

A G 

0 

Litmus Milk 

A, clot 

Aik, late 



(15 days) 

Indol Formation 

0 

+ 

Arabinose 

A G 

A 

Vogcs Proskauer Re- 



Xylose 

A G 

A 

action 

4* 

0 

Inulin 

AG 

A 

Methyl Red Reaction 

0 

+ 

Dextrin 

A G 

A 

CitrateUtilizationT cst 

+ 

0 

Mannitol 

A G 

A 

Nitrate Reduction 

+ 

+ 

Dulcitol 

0 

A 

Haemolysis (Rabbit’s 




(16 days) 


cells) 

0 

0 


Serology . — An agglutinating serum was prepared against the organism 
isolated from the cerebrospinal fluid. The titre was 1/250 after five injections 
into a rabbit. The organism isolated from the lochia was agglutinated to titre 
by this serum. 

COMMENT, 

The morphology, cultural characters and biochemical behaviour of this 
organism in our opinion warrants its being identified as Bact. aerogenes (Aero- 
bacter aerogenes Beijerinck). 

The history of this case, and the bacteriological findings in the lochia, 
suggest that the infection of the meninges may have been secondary to general 
or to uterine infection. 


Case 2. 

This was a Chinese male infant, aged 1 month, admitted to hospital 10 days previously 
with fever and a purulent discharge from both eyes. He developed squint, opisthotonos 
and Kemig’s sign. A sample of the cerebrospinal fluid was submitted to this laboratory. 
It was found to be turbid and contained numerous mononuclear cells and Gram-negative 
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bacilli. The latter were ver^'' numerous occurring e.vtra-cellular and intra-ccllular, many 
of the cells being packed with the bacilli. The cells all appeared to be macrophages in 
various stages of development. 

The patient died the day following the examination of the cerebrospinal fluid. 
Autopsy was performed by one of us. 

Autopsy Findings. 

The body was that of a well nourished infant. Rigor mortis was present. 
No signs of disease were noticed in ears, nose or mouth. No free fluid was found 
witliin the peritoneal cavity. The alimentary tract was empty and distended 
with gas. Liver, kidneys and adrenals appeared to be healthy. The spleen was 
congested but not markedly enlarged. Both lungs were consolidated at the 
bases. The heart, pericardium, myocardium and endocardium presented no 
morbid appearances. Cranium : the pia mater was covered with a thick 
greenish-yellow exudate all over the brain including the base. Tlie cerebral 
vessels were congested. The spinal cord was covered with the same type of 
exudate as the brain. No evidence was seen of disease of the internal or middle 
ear. 

Morbid Histology. 

The pia mater was extensively inflamed, the vessels were engorged and the 
whole infiltrated with macrophages or histiocytes. The monocytic nature of 
the cellular response was a striking feature and is depicted in the Plate. Sections 
suitably stained (Gram, carbol-thionin and iron-haematoxylin) show numerous 
bacilli amidst the inflamed tissue. The brain tissue appeared to be affected to 
varying extent. Many of the cerebral vessels were congested. Sections of the 
bases of the lungs revealed extensive consolidation, the alveoli and bronchioles 
being filled with cellular exudate consisting of polymorphonuclear leucoc)U:es 
and histiocytes. Suitably stained sections showed numerous Gram-positive 
diplococci and Gram-negative cocco-bacilli in the exudate. The histological 
appearances of the liver were those of venous congestion and fatty degeneration. 
In the spleen there was pronounced vascular congestion and endothelial hyper- 
plasia. Examination of the kidneys revealed congested and swollen glomeruli, 
in many instances the capsular spaces being obliterated. The tubular epithelium 
was degenerated and the vessels congested. The adrenals showed vascular 
congestion of the medulla. 


Bacteriology. 

From the cerebrospinal fluid, ante-mortem as well as post-mortem, pure 
cultures were secured of the organism now to be described. 

Morphology . — In an 18-hour broth culture, stained with dilute carbol 
fuchsin the organisms appeared as bacilli measuring 2-3'5/x X 0-4-0‘5;i. 
Diploid forms were frequent. Capsules could be demonstrated by various 
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Description of Plate. 

Fig. Casel. Bact. aerogenes, showing capsules. 

(Howie and Kirkpatrick’s stain) X 1100. 

Fig. 2. — Case 2. JBacI./ried/aWeri, showing capsules. 

(Howie and Kirkpatrick’s stain) X 1100. 

Fig. 3. — Case 2. Monocytes in cerebrospinal fluid. 

(Fixed in Schaudinn’s fluid, stained H. and E.) X 1100. 

Fig. 4. — Case 2. Inflammatory exudate over cerebellum. (H. and E.) X 130. 

Fig. 5. — Case 2. High-povver view of inflamed pia mater. (H. and E.) X 550. 

Fig. 6. — Case 2 Showing nature of inflammatory cells in pia mater. (H.andE.) X 1100. 
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methods, but the}^ were on the whole less conspicuous in cultures than those 
seen in Case I. The organisms were Gram-negativ'c and were invariably non- 
motile. Spores were not demonstrated. 

Cultural Characters. — On agar plates after 24 hours aerobic incubation at 
37° C. the colonies appeared as dome-shaped discs with round entire edges, 
1-3 mm. in diameter, greyish- white in colour, of soft creamy consistence they 
emulsified readily. The colonies were not so raised nor so mucoid as those of 
Case 1. On agar slopes the growth was abundant and mucoid, but under the 
same conditions, the growth was never as abundant as that of the organism in 
Case 1. On McConkey plates after 24 hours, the colonies appeared as small 
white domes 1-2 mm. in diameter. In nutrient broth a uniform turbidity was 
produced. Grown on potato slopes the culture was yellow, slimy without gas 
formation. Gelatine stab culture cultivated at 22° C. appeared as a white line 
of growth with a flattened “ nail-head ” at the surface, neither gas formation 
nor liquefaction occurred. 

Biochemical Reactions. — These are set forth in the table on page 146, 

Pathogenicity. — Mice injected intraperitoneally with O-OOI c.c. of an IS-hour 
broth culture succumbed within 24 hours. Injected subcutaneously or intra- 
venously, 0*01 c.c, was necessary to cause death within 72 hours. In guineapigs, 
0-01 c.c. was the minimal lethal dose intraperitoneally. Rabbits were resistant 
to 0*1 c.c. of an 18-hour broth culture inoculated by any route. These experi- 
ments were performed at the same time with the same culture. In mice and 
guineapigs dying following these inoculations, the organisms were in all cases 
recovered from the heart blood. The most constant pathological findings were 
enlargement and congestion of the spleen, and adrenals. Examination of 
sections of the spleen and in the case of animals inoculated intraperitoneally, of 
the exudate, showed that the cellular response was predominently monocytic. 

COMMENT. 

It is considered that the characters recorded above justify this organism 
being classed as Bacterium friedlanderi. Reference has already been made to 
the extreme variability of the biochemical reactions of different strains of this 
organism, which as Topley and Wilson (1931) point out will ultimately 
probably require subdivision into several sub-types. Small and Jtjlianelle 
(1923) attempted such a division on the basis of biochemical reactions and 
described four divisions. It would appear that their Division 3, comprising 
strains fermenting dextrose but not lactose or saccharose with or without forma- 
tion of gas, corresponds to the organism we have described. 

In this case there was a basal pneumonia in which Gram- negative bacilli 
were seen microscopically. It is a matter of surmise whether this condition was 
primary or secondary to the meningeal infection. The clinical history would 
suggest the latter, 
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Summary. 

The bacteriological findings in two fatal cases of meningitis have been 
described. In the one case, a parturient Chinese female, the causal organism 
was identified as Bact. aerogenes, in the other, a Chinese male infant aged one 
month, Bact. Jriedldndcri. The histopathology of the latter case has been 
described : the most striking feature was the histiocytic nature of the cellular 
response. 
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From 6/12/34 to 24/1/35 the patient was in the Hospital for Tropical Diseases where 
remittent and intermittent fever associated with chills and rigors persisted until a few days 
before death. 

Physical Examination (6/12/34). — Examination showed an elderly man, well nourished 
and sweating profusely. The tongue was moist and furred. A few crepitations were present 
at the base of the lungs and the liver appeared somewhat enlarged downwards and definitely 
tender. 

Laboratory Examination. — The faeces showed no amoebic cysts or ova, the urine was 
normal and the van den Bergh reaction was negative direct and positive indirect (2 units). 
Blood culture was negative. R.B.C’s = 4,500,000 per c.mm., haemoglobin = 86 per cent. 
(Haldane); colour index = 1-0 ; leucocytes = 29,000 per c.mm., neutrophils = 85 per 
cent., lymphocytes = 12 per cent., monocytes = 3 per cent. 

X~ray Examination. — The liver shadow was slightly enlarged, and there was slight 
elevation of the diaphragm though its movement was good. A dense opacity in the liver 
area suggestive of liver abscess was demonstrated. 

In view of the history of amoebiasis, the tender liver, the X-ray findings and the marked 
leucocytosis, liver abscess was diagnosed. The liver was needled by Mr. McIndoe with 



Ca-se of Streptothricosis with Ulceration of the Colon and Portal and 

Systemic Pyaemia. 

Temperature chart of last four weeks. Duration of illness 94 days. 


negative results and subsequently a laparotomy was performed (8/12/34). The liver lyas 
congested and peculiarly mottled in appearance and felt hard and fibrosed. Needling 
failed to reveal pus and the contents of the aspirating syringe were sterile. 

Biopsy. — ^A small piece of liver was excised for microscopic examination, and section 
showed the presence of periportal biliary cirrhosis suggestive of chronic fluke infestation 
(Clo7iorchis stnensis) ; there was an associated acute cholangitis with extensive polymorpho- 
nuclear infiltration of the bile ducts. Cultures, however, failed to reveal any pyogenic 
organism. 

Post-Operative Progress. — ^Apart from some troublesome post-operative distension of 
the abdomen the illness was unaffected by surgical intervention. Rigors persisted and despite 
the negative blood cultures antistreptococcal serum was administered. Petechial 
haemorrhages were noted on the right arm. 

16/1/35. — ^A localised swelling on the upper part of the left forearm was incised and 
later pus discharged. Cultures from this showed the development of a streptothrix after 
4 or 5 days incubation. Microscopical examination of smears of the pus revealed no bacteria 
and were at the time regarded as negative, but on re-examination later delicate Gram- 
negative streptothrix filaments were observed. There was also oedema of the right foot 
and lower one-third of the tibia associated with localised tenderness. 
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17/1/35. — Lcucocyte.s = 26,000 per c.mm., neutrophils — 95 per cent., lymphocjtes 
= 2 per cent., monocjtcs = 3 per cent. 

21/1/35. — fluctuating subcutaneous abscess on the right leg was opened and about 
1 ounce of thick, foul smelling, anchoty sauce pus was evacuated. Two out of six cultures 
showed colonies of streptothrix. Scarce mycelial elements were found in films from the pus. 

The patient gradually became weaker and died in coma 3 days later (24/1/35) after a 
prolonged febrile illness lasting over three months (ninety-four days). 

II. — Postmortem E.kamination. 

Autopsy was performed some 7 hours after death. 

On opening the abdomen the liver was seen to be bound to the anterior 
abdominal wall and the edge projected 3 inches below the costal margin. There 
was a little clear fluid free in the peritoneal cavity, but no sign of generalised 
peritonitis. A mass was felt in the neighbourhood of the sigmoid flexure. 

On separating the structures on the lower aspect of the liver a small quantity 
of thick green pus welled up from the lesser sac and the liver was bound down 
to an inflammatory mass in apposition to its inferior surface. 

On sectioning the liver (1,5S0 grammes) multiple necrotic and suppurating 
areas were found, in one of which a branch of the portal vein was definitely 
thrombosed {vide Plate, Fig. 1). Foci of necrosis surrounded the portal vessels, 
extending widely into and destroying the hepatic tissues, while the pyaemic 
areas were occupied by glutinous, greenish pus w'hich was odourless and con- 
tained no visible granules. Cultures were sterile as far as bacteria were concerned, 
but a streptothrix was again isolated. 

The sigmoid fiexttre and the last few inches of the descending colon were 
matted together by inflammatory adhesions and bound down to the posterior 
abdominal wall. A few drachms of thick, glutinous, green pus exuded from 
the mucosa which shewed several punched out ulcers, one at least of which 
opened directly into the abscess cavity, while the remainder were more superficial 
and appeared to extend only to the submucosa. Diverticula were not found in 
this portion of the gut. 

The hilum of the spleen was bound down to the tail of the pancreas and 
there was a small abscess involving both organs ; it contained a small quantity 
of glutinous, greenish pus. 

The spleen (265 grammes) except for the small abscess just referred to, was 
elsewhere free from disease. 

The stomach and tippei' intestine contained a quantity of dark, tarry blood, 
the result of a large haemorrhage a short time before death, but the origin of 
the bleeding was not found. 

The remaining viscera shewed no noteworthy morbid changes. The 
central nervous system was not examined. 

' Microscopic Anatomy. — There were wide areas of tissue necrosis and 
destruction of liver tissue with replacement by polynuclear and phagocytic cells 
and. foci of abscess formation. Delicate filaments of streptothrix mycelium were 
seen ramifying in the necrosed areas and in the wall of the abscess cavities. 
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Here and there the mycelium was collected into tufts (Plate Figs. 2 and 3) 
in the form of a tangle of filaments and without any asteroid or ray formation 
and without clubs. The fungus was Gram-negative and not acid-fast so that it 
was difficult to identify amongst the necrosed tissues. It stained with haema- 
toxylin, toluidin blue and other basic stains. In addition the parenchyma of 
the liver shewed numerous areas of cirrhosis surrounding the smaller bile ducts 
in the portal system which appeared as isolated, more or less circular, plaques. 

. The bile ducts stood out prominently in these cirrhotic areas and were sur- 
rounded by poljmuclear leucocytes, while their lumina were often plugged with 
these inflammatory cells. The cirrhosis was biliary in type and evidently of 
long standing, whereas the streptothrical cholangitis was of more recent date. 
Liver flukes and ova were not demonstrable, but the type of cirrhosis resembled 
that seen in fluke infestation of the liver, and the possibility that it was the 
aftermath of a Clonorchis sinensis infestation remains. 

Sections of the sigmoid shewed marked inflammatory hyperplasia of all the 
coats with some ulceration of the mucosa and necrotic tissue in the gut wall. 
Careful scrutiny of the necrosed area revealed the delicate filaments of a strepto- 
thrix infection. Granule and ray formation were absent as in the liver, whilst 
the mycelial elements were again Gram-negative and non-acid fast. 


III. — Characters of the Streptothrix. 

The streptothrix appeared as a delicate, unicellular, monomorphous 
mycelium shewing simple branching, older portions becoming segmented and 
assuming bacillary or granular appearances. Old fluid cultures shewed amor- 
phous granules which developed into mycelium on fresh medium. Aerial' 
hyphae were abundant on older cultures or on unsuitable media and shewed 
white powdery efflorescence. No conidia or spore formation occurred — unless 
amorphous granules are regarded as “ spores.” 

It grew freely in solid and fluid media aerobically, but under anaerobic 
conditions it grew feebly and only with difficulty, aerial hyphae not being pro- 
duced, whilst the mycelial substratum broke up early into granules. It stained 
well with haematoxylin and the usual aniline dyes, was feebly Gram-positive, 
but decolorised readily and was not acid-fast though the mycelium withstood 
momentary application of 1 per cent. HCl. 

The cultural characters and animal reactions were as follows : — 

Broth . — ^Delicate “ puff ball ” growth at foot of tube. Later, flocculent 
cotton-wool wisps. No surface growth. Medium remained clear and limpid 
and not ropy. Old cultures shewed granular deposit only. 

Agar . — It took 2 or 3 days to appear on first isolation, but grew more rapidly 
in subculture at 37° C. The colonies were circular with blurred edges, firm or 
hard, sinking into medium ; white efflorescence began in 3 or 4 days.- Later, 
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Streptothrix Infection. 

Section of the liver shewing several areas of suppurative pylephlebitis with 
p _ necrosis of tissue and the formation of small abscesses. 

TIG. Z. bection of necrotic tissue in the liver shewing the presence of several mycelial 
p tufts (X 175). 

IG. d. The same section shewing two mycelial tufts under higher magnification ( X 600). 

Figs. 2 and 3 stained by haematoxylin and eosine. 
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riie colony took on a dark centre by transmitted light ; there was no colour 
formation. 

Blood Agar and Scrum Agar . — Growth more copious and efflorescence 
delayed for a week or ten days. No true haemolysis. 

Gelatin . — Slow growth of formless wisp at room temperature. No lique- 
faction or clouding of medium. 

Carbohydrate Media . — No change in lactose, glucose, mannite, dulcite, 
sucrose, maltose, raffinosc, galactose. Grew freely at the foot of the tubes and 
later climbed up Durham’s tubes and shewed coarse pellicle and white 
efflorescence at surface. Medium remained quite clear. The fungus emitted 
a hea \7 musty odour from all media. 

Potato. — Hea^y growth and early white efflorescence. No colour change. 
Heavy mouldy odour. 

Anaerobic Media shewed scanty circular cartilaginous colonies without 
lateral filaments or aerial hyphae. Growth was very poor. 

Animal Experiments. — Rabbits, guineapigs and white mice were inocu- 
lated by the subcutaneous, intraperitoneal or intravenous routes and were 
killed at varying intervals up to 6 weeks. The animals remained healthy and 
cultures of the viscera were negative. 

— Characters of an Associated Organism. 

This organism was found in some of the cultures from the pus either alone 
or associated with the streptothrix. It was a very small bacillus or coccobacillus, 
never filamentous, having a diphtheroid arrangement, almost Gram-negative 
except in large masses when it was sometimes Gram-positive. It was not 
acid-fast. 

These characters remained constant and there has been no filamentous or 
mycelial formation. A large dose of the organism was given to a male guineapig 
by the intraperitoneal route, but without result. 

V. — Discussion. 

Gram-negative diphtheroid bacilli have frequently been met with in associa- 
tion with actinomycotic infections and have been described by a number of 
observers including LigniI:RES and Spitz (1904), particularly in relation to the 
group of actinobacillus. By some they have been regarded as a bacillary or 
coccal stage in the life history of the actinomyces or actinobacillus, but were 
this the case one would expect them to be capable of reversion to a filamentous 
type which has certainly not been the case in our cultures. 

The streptothrix itself appears to be a representative of Group I, Cohni- 
streptoihrix as described by 0RSKOV (1923) of which the’ type is Actinomyces 
lionnms (Landsteiner) and which includes A, madurae (Vincent), A. graminus 
(Bostroem) and A. rosacens.* 

* We desire to thank Miss D. Erikson of the Lister Institute for her advice regarding 
the classification of this fungus. 
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VI. — Summary and Conclusions. 

1. An acute streptothrical infection of sudden onset, lasting 94 days, 
associated with chills, rigors, marked leucocytosis, enlarged tender liver and 
subcutaneous abscesses is described. 

2. The primary lesion was in the colon, and, despite the colonic ulceration 
and peri-colonic suppuration found at autopsy, the faeces appeared normal to 
the naked eye and there were no clinical features suggestive of bowel trouble. 
In addition there was extensive suppurative pylephlebitis and an abscess involving 
the tail of the pancreas and spleen. 

3. Blood cultures were negative, but a streptothrix was cultured from both 
arm and leg abscesses during life and from pus obtained from the liver at autopsy. 

4. Filaments were found in films from the pus aspirated from pyaemic 
abscesses and they were demonstrated in tangled clumps in stained sections of 
the liver. 

5. The cultural and other characters of the streptothrix have been studied ; 
it has been placed in Group I, Colmistreptothrix, according to 0RSKOV’s 
classification. 

6. The pus during life and after death did not yield any of the ordinary 
agents of suppuration, but a small Gram-negative diphtheroid bacillus was 
present in several cultures. 
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THE EFFECT OF LIGHT AND DARKNESS ON OVIPOSITION 

IN MOSQUITOES. 

by 

B. JOBLING, 

Wellcome Entomological Field Laboratories, Wellcome Bureau of Scientific Research, London. 


Introduction. 

In the summer of 1933, from the 19th June to the 10th July, there was a 
continuous laying of egg rafts by Ctilex pipiens on two ponds at the Laboratories, 
but one of these was utilised to a much greater extent than the other which was 
only five feet away. During the period mentioned about 80 rafts were laid on 
the first pond and only about 10 on the second. Investigation showed that the 
conditions of the water in one pond were not different from those in the other. 
Both ponds were alike as regards the colour of the background and of the water, 
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the temperature and the pH, which varied from 8‘0 to Q-O ; neither was there 
any noticeable difference in their fauna and flora. It was evident therefore that 
the difference in the laying of the rafts was due to some factor outside the water. 

The ponds are situated on a lawn, the first about 24 feet and the other 
about 35 feet from a high brick garden wall. Both are more or less equally 
exposed to the wind but they differ as regards illumination. The first, where 
eggs were laid continuously, has a more shady position, owing to the proximity 
of a large tree, and it seemed obvious that the shade was the main factor which 
caused the insects to favour this pond. 

Since, in the natural conditions, it is impossible to study the effect of one 
factor without interference by the others, it was decided to arrange experiments 
in the laboratory in order to observe the influence of light and shade on the 
oviposition of this mosquito. 

The literature on the influence of light on insects was reviewed by Uvarov 
(1931) and that on the same subject as regards mosquitoes by Christophers and 
Missiroli (1934). The only quantitative data on the effect of light and darkness 
on oviposition were given by Buxton (1927), who found experimentally that 
darkness is more attractive than light to both Aedes argenteiis and A. variegatus. 
Buxton’s experiments were carried out on a verandah outside his laboratory in 
Samoa. The experiments described in the present paper were made in the 
laboratory at Esher, Surrey, 


Experiments. 

The experiments were carried out in cages each measuring one cubic foot. 
The main structure of each cage was a wooden frame, to one side of which was 
attached a sleeve of ordinary mosquito netting ; the other sides were covered 
with metal rnosquito netting. As the humidity of the room was very low the 
cages were placed above large trays filled witli water. Each week these trays 
were thoroughly washed and filled w'ith clean water. 

The trays with the cages were so arranged along the window that the side 
of each cage facing this window was equally illuminated. The arrangement of 
the cages with regard to the source of light is a very important point in experi- 
ments of this kind. It will be shown later that even a very slight shade on a 
part of the cage facing the source of light greatly affects the results. The space 
round the cages was also tested for draught, the absence of which was ascertained 
by watching the movement of tobacco smoke. For the laying of the eggs each 
cage was provided with two Petri dishes, which were filled with tap water or 
with one of the infusions mentioned below. The arrangement of the dishes 
inside the cage is just as important as the arrangement of the cages with regard 
to the source of light ; therefore the dishes of each cage were placed at the same 
distance from the side of the cage which faced the window. With this arrange- 
ment of the cages and the dishes it was possible to ensure that the latter received 
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the same amount of light, while owing to their proximity to each other and t 
absence of draught they were surrounded by air of the same temperature ai 
humidity. 

The experiments were made with tlie local C. pipic/is, the Indian C. faiiga 
and the autogenetic race of C. pipiens discovered by Roubaud (1929)^" ai 
introduced into these Laboratories from Germany in 1932 by the late E 
MacGregor. As the females of this mosquito produce fertile eggs without 
blood meal, the opportunity was taken of studying the effect of light on ovipositii 
in the fed and unfed insects. 

The first experiment was arranged to determine whether tlic mosquito 
prefer a white or black background for oviposition. One of the dishes w 
therefore placed on a white and the other on a black paper disc. Both dish 
were filled with tap water which, in order to ensure the same reaction, w 
changed every da 5 ^ The experiment was carried on for more than ten week 
during which time the pH of the water was S-0. Into one cage were introduce 
females of the local C. piptens and into the other fed females of the autogenet 
mosquito. During the course of this experiment the local mosquito laid C 
rafts, 45 of this number being laid in the dish with the black background an 
only 17 in the other dish. The autogenetic mosquito laid 47 rafts, of which 4 
were found in the dish with the black background and only 6 in the dish wit 
the white background. The results obtained in this experiment show quit 
conclusively that the local mosquito and the fed females of the autogenetic rac 
distinctly prefer dishes with a black background. 

In order to test the effect of shade on the mosquito, one of the dishes i 
each cage was surrounded by a collar of black paper, the edge of which we 
about three-quarters of an inch above the edge of the dish. All the dishes wer 
filled with tap water, which, as in the previous experiment, was changed dail} 
Into one cage was introduced the local C. pipiens while two other cages were use 
for the autogenetic mosquito, one cage for the fed and the other for the unfei 
females. 

As regards C, pipiens the experiment gave an inconclusive result becaus 
with the advent of winter the mosquito stopped breeding in the laboratory 
Its females laid only 11 rafts, of which 7 were found in the shaded dish. Th 
experiment with the autogenetic race was however carried on for about 4 month 
during which period the fed females laid 349 rafts, 270 in the shaded dish am 
only 79 in the unshaded dish. Here it is again seen that the fed females o 
this mosquito preferred the shaded dish, in which they laid 54*7 per cent, mor 
rafts. On the other hand the unfed females behaved more or less indifferently 
of 935 rafts laid by them only 552, or 59-0 per cent., were laid in the shadec 
dish. It will be shown in another place that the unfed females of the mosquitc 

*It would seem that the use of the expression “ autogenous ” in this connection i 
not strictly accurate, accordingly the term “ autogenetic ” is employed throughout thi 
paper. 
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also behaved more or less indifferently towards the different infusions- which 
were used in these experiments. 

Table I shows the results of a similar experiment with the autogenetic 
mosquito, where instead of tap water the dishes were filled with hay infusion. 
The pH of the infusion was S-O or 9-0 during the course of this experiment, but 
it was always the same in both dishes of the same cage. In this experiment, as 
in that where the dishes were filled with tap water, the fed females of this mosquito 
showed a distinct preference for the shaded dish, in which 38 of a total of 50 
rafts were laid — a difference of 52-0 per cent. Here again the unfed females 
behaved almost indifferently. Of 332 rafts laid by them only 177, or 54-9 per 
cent, were laid in the shaded dish. 

It is a well known fact that mosquitoes can lay their eggs in water of which 
the chemical conditions are absolutely unsuitable for the breeding of these 


Table I. 


Fed autogenetic C. pipictis 

Per cent. 

Shaded dish with hay infusion 38 rafts . . 

. . 76-0 

Unshaded „ „ 12 „ . . 

. . 24-0 

Total 50 „ Difference 52-0 

Unfed autogenetic C. pipiem 

Per cent. 

Shaded dish with hay infusion 177 rafts . . 

. . 54-9 

Unshaded „ „ 145 „ . . 

. . 45-0 

Total 322 „ Difference 9-9 


insects. Dr. Coghill, in 1913, on the Gold Coast (see Hanschell, 1926) used 
to reduce the number of mosquitoes in the hospital by placing small pans con- 
taining weak copper sulphate solution in dark corners. The mosquitoes laid 
their eggs in these pans but the larvae died soon after hatching. Sarma (1921) 
also studied the influence of different mineral and organic substances on 
oviposition in the Culicidae. He compared the effect of these substances with 
water, but in his experiments the unequal illumination of the vessels was not 
taken into consideration. In the experiments of Buxton and Hopkins (1925), 
which were carried out in Samoa, the females of Aedes argetiteiis and A. variegatus 
laid their eggs in hay infusions which were toxic to the larvae owing to the 
presence in them of arsenous anhydrite or copper sulphate. But if the mosquitoes 
have a choice of different infusions they lay more eggs on that infusion the 
chemical conditions of which apparently most resemble those of the water of 
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their natural breeding places. It has also been shown by Buxton (1927) that 
some infusions of organic matter arc distinctly more attractive to mosquitoes 
than others. 

In order, therefore, to test the effect of light against the attractiveness of 
one of the infusions, it was necessary first to find out what infusion is the most 
attractive to the fed and unfed autogenetic mosquito and to C. fatigans. In the 
following e.xperiments the attractiveness of hay infusion was compared with 
that of tap water, dog biscuit infusion and infusion of leaves. The tap water 
was changed ever}'^ day and the infusions every second or third day. 

It is now customary to study the hj'drogen-ion concentration (pH) of 
water during the investigation of the ecology of mosquitoes ; however, after 
examining the results obtained b)”^ different observers it becomes obvious that 
unless the reaction of the medium is ver}-^ acid or very alkaline the pH has not 
such a great influence on the breeding of mosquitoes as was formerly thought. 
Ballowe (I91S) found many larvae and pupae of Anopheles and Culex in a 
barrel containing the diluted solution of caustic soda used for killing the San 
Jose scale. The solution had been exposed to rain, but its alkaline reaction was 
marked. The data collected by Senior-White (1934) show that C. fntigans can 
tolerate a pH between 6-5 and 9-6. This author also mentions an interesting 
case of the finding of larvae and pupae of this mosquito by his staff in a tank of 
diluted HCI, of which the pH was actually about T6. 

The experiments with different infusions were carried on for about 6 weeks. 
During this period the pH of the water was S-O. The pH of the hay infusion 
was S'O or 8*5, except for 2 days when it was 9'0, while it was being compared 
with the dog biscuit infusion, of which the pH was then 9-5. The pH of the 
dog biscuit infusion was 8-0 or 8*5, with the exception of 4 days when it was 
5-5, 3 days when it was 9-0 and 2 days when it was 9*5. During these last 2 
days it was being tested against the hay infusion of which the pH was 9-0, as 
already mentioned. The pH of the leaf infusion was 8*0 or 8-5. It is seen that 
the difference in the pH of the infusions was 0-5, with the exception of only 
4 days, when it was 2-5. Therefore it is obvious that in the experiments the 
difference in the pH was not sufficient to produce any influence on these 
mosquitoes. 

Table II shows the results of experiments with the fed and unfed auto- 
genetic mosquito. In Cage 1, where the attractiveness of the hay infusion was 
compared with that of tap water, the fed females laid 212 rafts, 178 being in 
the dish with the hay infusion, i.e. 67-9 per cent, more than in the dish with 
the tap water. In the second cage, where the hay infusion was compared with 
the dog biscuit infusion, the fed females laid 173 rafts, 130 being laid in the hay 
infusion, i.e. 50-3 per cent, more than in the dog biscuit infusion. In the third 
cage, where the hay infusion was compared with the leaf infusion, the fed 
females laid 96 rafts of which only 53 were found in the hay infusion, i.e. only 
10*5 per cent, more than in the leaf infusion. These results show quite clearly 

E 
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that the hay infusion is the most attractive to the fed females of this mosquito. 
The table shows that it is also the most attractive to the unfed females which 
however do not display such a marked preference as do those that have fed. 


Table II. 


Fed autogenetic C. pipieiis. 

p ^ infusion . . 178 rafts . . . . 83-9 

\Tap water . . 34 „ . . . . 16-0 


Total 

212 „ Difference 67-9 

Cage 2< 

^Hay infusion 

Dog biscuit infusion 

130 rafts . . . . 75-1 

43 „ . . . . 24-8 


Total 

173 „ Difference 50-3 

Cages'^ 

Hay infusion 
^Leaf infusion 

53 rafts . . . . 55*2 

43 „ .. 44-7 


Total 

96 „ Difference 10 -5 

Cage l< 

Unfed autogenetic C. pipiens. 

'"Hay infusion . . 532 rafts . . . . 73-2 

Tap water . . 194 „ . . . . 26 -7 


Total 

726 „ Difference 46-5 

Cage 2< 

"Hay infusion 
^Dog biscuit infusion 

132 rafts . . . . 65-6 

69 „ . . . . 34-3 


Total 

201 „ Difference 31-3 

Cage 3< 

"Hay infusion 
^Leaf infusion 

239 rafts . . . . 55-4 

192 . . . 44-5 


Total 

431 „ Difference 10-9 


Table III shows the results of the same experiments with C. fatigans. In 
Cage 1, where one dish was filled wdth hay infusion and the other with tap 
water, the females were attracted to the hay infusion almost to the same extent 
as those of the unfed autogenetic mosquito ; of 151 rafts laid by them 106 were 
found in the hay infusion, i.e. 40‘3 per cent, more than in the tap water. In 
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Cage 2, where one dish contained hay infusion and the other leaf infusion, 
the insects laid 245 rafts, of which only 134 were found in the hay infusion. 
In this experiment they were again attracted to the hay infusion in the same 
degree as those of the unfed autogenetic mosquito. In Cage 3 they showed no 
discrimination between the hay and the dog biscuit infusions, in both dishes 
the}'^ laid practically the same number of rafts. 

It has been shown in Table II that the fed females of the autogenetic 
mosquito laid 10*5 per cent, more rafts in the hay infusion than in the leaf 
infusion. This result was obtained when the dishes of the cage were equally 
illuminated. In order to find out the effect of unequal illumination on tlie 
oviposition in these tAvo dishes, the cage was placed near the side of the window, 
half of the wall of the cage being opposite the wall of the room, the other half 
opposite the window and therefore better illuminated. In the cage so arranged. 

Table III. 


Cage 1 < 

Ciilex fatigans Wied. 

Per cent. 

^Hay infusion . . 106 rafts . . . . 70*1 

^Tap water . . 45 „ , . . . 29*8 

Total 151 „ Difference 40'3 

Cage 2 •< 

■ 

"Hay infusion . • 134 rafts . . . . 54‘6 

Leaf infusion ., Ill „ •• 45*3 

Total 245 „ Difference 9*3 

Cage 3 < 

"Dog biscuit infusion 77 rafts . . .. 50*3 

^^Hay infusion . . 76 . . . 49*6 

Total 153 „ Difference 0*7 


the dish with the hay infusion was placed in the shaded half and that with the 
leaf infusion in the illuminated half. The fed autogenetic mosquito laid 71 
rafts in this cage, 52 being found in the hay infusion, that is 46*5 per cent, more 
than in the leaf infusion. The increase in the number of rafts by 36-0 per cent., 
as compared with the result obtained when the dishes were equally illuminated, 
is accounted for by the more shaded position of the dish. In the next experiment 
the dishes were reversed. The dish containing the leaf infusion was placed in 
the shaded part of the cage while that with the hay infusion was in the illuminated 
part. During the course of this experiment 156 rafts were laid, only 67 rafts 
being in the dish with the hay infusion, the rest, or 57 '0 per cent., were found 
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in the dish with the leaf infusion ; that is 14-1 per cent, more than in the hay 
infusion which the females generally prefer when both dishes are equally 
illuminated, as has already been shown in Table II, Cage 3. 

The same experiment was also made with tap water and hay infusion, 
since the greatest difference in the count of rafts had been obtained when the 
attractiveness of these two infusions was tested under equal illumination. In 
this experiment the cage was placed wholly against the window so that it was 
evenly illuminated. The dish containing the tap water was shaded by a collar 
of black paper, as described in one of the earlier experiments, while the dish 
with the hay infusion was left open. In this cage the autogenetic mosquito 
laid 192 rafts, 43 being found in the tap water and the remaining 149 in the 
hay infusion, i.e. 55-3 per cent, more in the hay infusion. On comparing this 
difference with that obtained under equal illumination (Table II, Cage 1) we 
find that it is smaller by 12-6 per cent. The decrease in the number of rafts in 
the hay infusion and their increase in the dish with tap water was produced by 
the shaded condition of the latter dish. 

Conclusion. 

These experiments confirm the observations of Buxton {loc. cit.) and show 
quite clearly that light has a very great influence on the behaviour of the 
mosquitoes. It is a factor which must always be kept in mind when studying 
the influence of other factors on these insects. 

The results of the first two experiments in which the effect of white and 
black backgrounds were studied and those where the attractiveness of the hay 
infusion was compared with that of leaf infusion under different illuminations 
are even more convincing, because in these experiments the landing conditions 
were exactly the same as the dishes were not surrounded by a black collar. 
The last two experiments show also very clearly that mosquitoes may lay more 
egg rafts in water of which the chemical and some other conditions are not as 
attractive to them as the water in the other dish provided the light factor is more 
favourable near the surface of the less attractive water. This is again in agree- 
ment with the observations on the oviposition of the local species of Culex 
pipiem in the ponds near the Laboratories, as described in the introduction to 
this paper. 

In the course of these experiments the mosquitoes laid 4,583 rafts, of which 
number only 3 were found during daylight — one about half an hour before 
sunset and the other two about nine o’clock in the morning. Immediately 
after oviposition the egg raft has a white or slightly creamy-white colour. In 
daylight the eggs require about 5 hours to develop their black pigmentation. 
As no other unpigmented rafts were found 'after 9 o’clock in the morning or 
before complete darkness in the evening, it is safe to assume that all the other 
rafts were laid at night. This shows that in mosquitoes the phototactic response 
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must be very acute, since under a low intensity of light the difference in the 
illumination of the open and the shaded dish is greatly reduced, while in 
complete darkness there will of course be no difference at all. 

In this connection it may be useful to mention that other experiments 
show quite conclusively that mosquitoes can develop perfectly, mate and lay 
fertile eggs in complete darkness.*' 

In the complete absence of light mosquitoes are neither positively nor 
negativel}'^ phototactic because there is no stimulus to develop the reaction, 
which can onl)'' occur when a difference in the illumination exists ; therefore, 
in complete darkness, oviposition is governed cither b)"^ the chemical condition 
of the water, or of the water vapour which is given off from the dishes, or by 
the combined action of these two factors. 

The experiments also show that the tactic reactions of the mosquitoes are 
greatly influenced by the blood meal, since in all the e.xperiments with the 
autogenetic mosquito the unfed females showed less marked preference in 
regard both to the different infusions and to illumination than the fed ones. 
From this may be inferred that in the natural condition the unfed females of 
this mosquito can utilize a much wider variety of water for oviposition than 
the fed ones. 

In C. fatigans the preference is even less distinct than in the autogenetic 
mosquito, as shown in Table III. The results of this experiment agree with 
tite obser\^ations made by Senior-White {loc. dt.) in India, where the females 
of this mosquito utilize almost every variety of water for oviposition. 


Summary. 

The experiments were made with two races of Culex pipiens and the Indian 
C. fatigaiis. 

The results of the experiments show quite conclusively that just before 
oviposition the mosquitoes become more attracted to darkness than to light. 

Almost all the egg rafts (4,583) were laid at night, when the difference in 
the illumination of the shady and of the open dishes was greatly reduced. This 
shows that the phototactic reaction in mosquitoes is very acute. 

The autogenetic mosquito can develop perfectly, mate and lay fertile eggs 
in complete darkness. 

In complete darkness oviposition is governed either by the chemical con- 
dition of the water or water vapour, or the combined action of these factors, 
because the stimulus producing the phototactic reaction is absent. 

Of all the infusions the mosquitoes prefer that of hay, but they may lay 
more rafts in other infusions exposed to more favourable light conditions. 

The tactic reactions of mosquitoes are greatly influenced by the blood meal. 

*The results of these experiments will be published in another paper 
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HYPERENDEMIC MALARIA IN A NATIVE RESERVE OF KENYA 
AND THE INFLUENCE UPON ITS COURSE OF ATEBRIN AND 

PLASMOQUINE. 

BY 

P. C. C. GARNHAM, M.D. (Lond.), D.P.H. 

Nairobi, Kenya. 


The primary object of the investigation was to determine the efficacy as 
an ariti-malarial measure of small doses of atebrin and plasmoquine administered 
to the inhabitants of selected villages in a native reserve where anti-anopheline 
measures are largely impracticable. Experiments in control by medicaments 
alone is one of the recent recommendations of the League of Nations Malaria 
Commission (1934) in their programme for future malaria research. Various 
circumstances rendered the present enquiry peculiarly suitable for such a 
research : the reserve selected is small and compact and has been subject to 
considerable investigation in the past, the conditions are much more exacting 
than many of those pertaining elsewhere in that the inhabitants live a primitive, 
uncontrolled existence and finally, because of this, the results could be 
applied in other native areas, with a much greater certainty of repetition than 
those of investigations in highly disciplined labour lines, barracks, towns, etc. 

Mass control with these drugs has chiefly been applied to the labour forces 
of estates and taken as a whole the degree of success has varied in direct propor- 
tion to the efficiency of the control exercised ; when this has been considerable, 
morbidity due to malaria has been much diminished. 

The second object of the investigation was to make an intensive study of 
the conditions relating to hyperendemicity, particularly to the course of infection 
and fever in individuals, changes in species, gametoc3rte production, and infantile 
mortality due to malaria. It was felt that the experiment should be conducted 
upon an “ individual ” basis and that each individual and his blood-slide should 
be examined by the writer personally once a month and by the African assistant 
at least ten times during the month so that the actual malaria morbidity in 
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relation to parasite rates could be more closely followed than is usually the case 
in large field investigations of a more purely statistical nature. For this reason, 
the number of people had to be strictly limited and the length of observations 
was confined to a year. 

Hyperendemic malaria as a rule shows little seasonal variation, being 
affected, in fact, practically only by very abnormal rain, famine or non-immune 
immigration ; and during the period of this experiment, conditions were par- 
ticularly stable owing to deficient rainfall. 

Locality and Inhabitants. 

Taveta was the place selected for the experiment. It lies near the Tan- 
ganyika border of Kenya Colony, about 3° south of the Equator and at an 
altitude of 2,500 feet. The native inhabitants live in a strip of forest land, 
about 9 miles long by 4 wide along the banks of the River Lumi, which 
rises a few miles outside the reserve in the “ bottomless ” crater lake Chala. 
At the opposite end of the reserve, the river debouches into the swamps of 
Lake Jipe and thence by way of the Rufu to the Pangani and Indian Ocean. 
Its waters and those of its tributaries play an important part in the malaria of 
the locality. Numerous fountains and springs in the forest supply the largest 
volume of water as it is only here, where the laval strata have petered out that 
the icy water flowing hitherto underground from Kilimanjaro is able to emerge 
to the surface. In this area, therefore, the water table is exceedingly high in 
comparison with the laval stretches between it and Kilimanjaro, as shown in 
the following table ; — 


Table I. 

Depth at ^VHICH Water is Reached in Wells. 


Place. 

Depth in Feet (in Dry Season). 

. 

Villages in Forest 


Msengoni 

6 

Mbogoni 

5lr 

Selandongo 

3 

Just outside Forest 

12 

One mile from Forest 

40 


The constant large supply of water from underground, allows the people 
to make use of it in irrigation channels and these form, even more than the 
river itself, the source of the anophelines. 
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Taveta was uninhabited until 300 years ago, when continual streams of 
natives of all tribes within a radius of 100 miles or more of Kilimanjaro invaded 
the forest and eventually intermingled to form the present Taveta tribe. Even 
to-day, natives of Pare, Masai, Ukamba, Taita, Chagga, etc., arc immigrating 
to the fertile paradise of Taveta from their own drought- and famine-stricken 
lands, and this often non-immune immigration possibly plays a part in keeping 
the malaria continuously effervescent. Taveta in early days was a place of 
importance ; it was an important halt on the great caravan route to the Chagga 
Kingdom, it was a Church Missionary Society and Administrative Station and 
it was the place where the first shot was fired in the Great War in East Africa. 
It has lost all its importance now, however ; it is no longer a Government post, 
the mission is moribund and the natives themseh'es are probabl}'’ little different 
from their ancestors with the exception of the abolition of a few of their more 
barbarous customs, e.g. killing of twins. They are a decadent race but with 
the decadents’ ironical toleration of welfaring interference ; and, for this reason, 
the regular administration of drugs, taking of blood-slides, temperatures, etc., 
was fairly easil}'’ carried out. A few local customs and habits gave rise to minor 
difficulties, most of which could be obviated for the term of the e.vperiment. 
For instance, in the rare instances when families suffer much from fever they 
move to other localities to “ try the air.’' Also an atavistic nostalgia for the 
mountainous countries of their origin leads the inhabitants to take frequent 
week-ends in Pare, Kilimanjaro, etc. As a rule, it was possible to make up their 
atebrin and plasmoquine dosage on their return. An inconvenient custom is 
that of changing their names, a year or so after birth and again after circumcision, 
and the refusal of a newly-wed wife to utter or allow to be uttered her name for 
the first month after marriage. 

The population in 1933 was appro.ximately 3,000. Malaria and drink are 
alleged to be the chief causes of the tribe’s deterioration, but it is doubtful, as 
Kauntze and Symes (1933) point out, how much ill-health is caused by the 
malaria and even the high figure of infantile mortality (57*1 per cent.) obtained 
by Anderson (1929) by interrogation was not confirmed by the actual case 
histories of infants in the present investigation. The spleen rate of children of 
Mbogoni, during the years 1927-1930, varied between 64 per cent, and 97 per 
cent (84 per cent, in June, 1930) and the parasite rate between 50 per cent, and 
82 per cent. (63 per cent, in June, 1930). Blood slides (thick drop) of forest 
children taken by Dr. D. Bell and J. Harper and examined by the writer at 


the Medical j 

Research Laboratory, 

Nairobi, in 1930 

showed the following 

variations : — 




1930. 

Percentage infected. 

1930. 

Percentage infected. 

March 

54 

November 

55 

June 

63 

December 

82 

August 

59 
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The fact that the same children were not consistently examined each 
month makes exact comparison impossible. Quinine distribution to people 
suffering from fever in the reserve was carried out during the whole of the 
above period and up to the time of the commencement of the present experiment, 
but no change in the parasite or spleen rates resulted. 

Administration of Atebrin and Plasmoquine. 

Three villages or sub-locations were chosen for the experiment, viz., 
Mbogoni for the atebrin test, Selandongo for the plasmoquine and Msengoni 
as a control. They were selected as far as possible to conform with the following 
requirements : comparative isolation from each other, situation entirely in the 
forest and a general similarity of conditions such as proximity to the Lumi 
River, etc. ; the control village appeared to be the least mosquito-infested and 
had the fewest irrigation canals. The following average number of children and 
adults in each village were present each month from August, 1933, to September, 
1934. 


Table II. 


Village, 

Average Number per Month. 

Children. 

Adults. 

Mbogoni 

20 

26 

Selandongo 

23 

25 

Msengoni 

17 

23 


The numbers varied slightly each month, owing to emigration and immi- 
gration, births and deaths, etc., but practically the same people were examined 
throughout the period. 

Dosage of Drugs.* 

One gramme of atebrin was given monthly (from September, 1933, to 
August, 1934, inclusive) to each adult of Mbogoni and proportionately less for 
children, in ten separate doses of OT gramme and a total of 0*1 gramme of 
plasmoquine similarly to the inhabitants of Selandongo The drugs were 
administered by a reliable African assistant, who visited each hut in turn on' 
the 20 specified days every month and recorded the amounts taken and the date. 

* Atebrin and plasmoquine simplex were kindly supplied for the first half of the 
experiment by the Pharmaceutical Department of Messrs. Bayer, Meister Lucius, and for 
the second half by the Medical Department of the Kenya Government. 
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The value of the experiment of course depended upon tlic constancy of this 
administration ; surprise visits to Taveta, checking of the records, questioning 
of the inliabitants, etc , never once revealed any delinquencies. The urines of 
the atebrin group were tested on several occasions, but neither the test recom- 
mended b)' the manufacturers nor that of Green gave satisfactory results ; even 
the urine of patients, treated in hospital with full courses of atebrin, failed to 
show colour changes or fluorescence which could be distinguished with certainty 
from normal urine controls — such was likewise the experience of Duncan (1934) 
in Singapore. 

Measurement of Results. 

The amount of malaria in an)'^ place can be regarded from two different 
points of view — firstly and most naturally, tlie amount of morbidity which it 
causes and which is measured b}'^ the number of attacks of fever (and deaths) 
from which the inhabitants suffer and secondly, the distribution of the parasite 
in man and in the mosquito. In epidemic malarious regions, these Uvo indices 
reflect each other and correspond, but in a hyperendemic area, their relationship 
is inconstant and ill-defined and parasite rates here are only of direct value for 
the estimation of the potential danger of the place to immigrants. Parasite 
rates in hyperendemic areas give a picture of the plasmodial situation rather 
than the malarial. 

In this experiment four criteria have been used : — I. Parasite rate ; 
2. Spleen rate ; 3. Parasite intensity ; 4. Attacks of fever. 

Parasite Rate. 

This was determined monthly by taking blood-slides (thick drop) from 
the inhabitants of the three villages. The slides were stained with Giemsa 
stain. 

Spleen Rate. 

Palpable enlargement of spleens in children and adults were recorded at 
the beginning and end of the experiment. 

Parasite Intensity. 

The number of parasites per 50 fields of a thin blood-smear, stained with 
a modified Gordon’s stain, were counted at the beginning and end of the 
period and the results are expressed as the average number of (sub-tertian) 
parasites present in the bloods (positive and negative) of the children and adults 
respectively in each locality. 

Fever. 

The African assistant made careful enquiries, during his toiir of the villages 
when distributing the drugs, about attacks of fever amongst the inhabitants. 



172 


ATEBRIN AND PLASMOQUINE. 


The people of Mbogoni and Selandongo were examined thus at least ten times 
during the month and those of the control village, Msengoni, ten times also. 
“ Fever ” cases were then only recorded if they complied with the following : — 

1. Temperature higher than normal. (If a case with a normal temperature 
was strongly suspected of being malaria, the assistant returned in the afternoon 
to take the temperature again). 

2. Absence of symptoms of coryza, influenza, bronchitis, etc. Measles 
and whooping cough were easily distinguished and excluded. 

The number of attacks of fever were then averaged out as number per year 
for child and adult in each sub-location. The adult fever figures cannot be 
compared with those of the children, as the latter probably have more fever 
than is complained of and recorded. 

The results of the above indices are shown in the accompanying graphs 
and tables. 

Table III. 

Spleen Rates. 


Place and People. 

August, 1933. 
Percentage. 

September, 1934. 
Percentage. 

Mbogoni 

Adults 

47 

50 

(Atebrin) 

Children 

82 

74 

Selandongo 

Adults 

27 

33 

(Plasmoquine) 

Children 

43 

62 

Msengoni 

Adults 

63 

60 

(Control) 

Children 

50 

53 


Table IV. 

Parasite Intensity. 

(Average number including negatives, of sub-tertian parasites per 50 fields.) 


Place and People. 

August, 1933. 

September, 1934. 

Mbogoni 

Adults 


4 

(Atebrin) 

Children 

10 

6 

Selandongo 

Adults 

i 

.J, 

(Plasmoquine) 

Children 

27 

6 

Msengoni 

Adults 


i 

(Control) 

Children 

1 

12 
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TaBI-E V. 

Attacks of Fever. 

(Average number per individual per year.) 


Place. 

Adults. 

Children. 

liTbogom 

1-3 

2-0 

(Atebrin) 



Selandongo 

0-S 

1-0 

(Plasmoquine) 



Msengoni 

11 

M 

(Control) 




The Result of the Experiment. 

Before attempting to estimate tlie actual results, it is as well to consider the 
possible action of the drugs in the present circumstances : 

The plasmoquine has two possible effects : — 

1. Personal prophylaxis. The dosage is much too small to be expected 
to have any real value in this connection ; it is known that even large daily doses 
of the drug do not give uniform success. 

2. Crescent steriliser. With similar doses to those employed in the present 
experiment, Wallace (1933) in Malaya was able to cause a reduction in the 
malaria amongst estate labourers and Barber, Rice and Brown (1932) obtained 
a marked diminution in the sporozoite index in a forest plantation in Liberia. 

The atebrin also has two possible effects : — 

1. Curative. The dosage, though small, is likely to have a therapeutic 
value, as the drug is excessively cumulative. 

2. Atebrin, though probably not a specific “ sporozoiticide ” has a prophy- 
lactic action like quinine and is able to keep infections sub-febrile. 

The sole visible result of the experiment was the fairly well-marked diminu- 
tion in parasite intensity in the treated areas as compared with the control village. 
(See Table IV, page 172). The numbers of parasites in Mbogoni and Selandongo 
inhabitants were roughly halved by the end of the administration of the drugs, 
whilst those of the Msengoni children showed a marked increase. Such a result 
is the well-recognized aim of anti-malarial measures in Europe, but these have 
been applied chiefly to endemic and epidemic malarious localities, where the 
results are accompanied by a diminution in the intensity and number of malaria 
attacks. As I have already pointed out, in a truly hyperendemic area, malaria, 
as a rule produces so few symptoms that any abatement corresponding to a 
reduction in the parasite intensity is unnoticeable. 
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The parasite (Table VII) and crescent (Table VIII) rates in children show 
no differences of any significance in the three areas and an examination of the 
specimen protocols (e.g. Protocol 7, p. 186) reveals the fact that fresh infections are 
in no way prevented by the use of these drugs. In the case of atebrin, one is 
rather forced to the conclusion, that it (like, in all probability, quinine) has an 
effective action in malaria only during the pyrexial periods and therefore, par- 
ticularly in a hyperendemic area, where fever is the exception rather than the rule, 




Parasite Rates of Children. 

=Mbogoni (atebrin) ; = Sclandongo (plasmoquine) ; . . . .=iVIsengoni (control)- 

no change in the situation after atebrinisation, will be observable. It is possible 
in the present experiment that the failure of plasmoquine to prevent the con- 
traction of new infections was due to the insufficient isolation of the area con- 
cerned though it was separated by half a mile or more, from untreated villages. 
Also the presence of a single infective person for one night only would suffice 
to infect many anophelines and thus ruin the experiment. These defects are, 
of course, the major disadvantages to anti-malarial schemes based on drug 
control for people living in a natural environment, as compared with specially 
cited and disciplined labour forces. 
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The curves of the total parasite rates for both children and adults (Tables 
VII and VI) sliow certain fluctuations but tlierc is no sign whatever of a steep 
drop in the curves relating to the treated villages during the course of the experi- 
ment. The greater irregularity in the adult curves as compared with those of 
tlie children merel}’’ represents the effect of using only a small number of lightly 
infected people ; in larger groups of people (or, in more heavily infected groups, 
as occurs in the children), individual variations would be more thoroughly 




averaged out. The point to be realised is that the variations are largely haphazard 
and bear no relation to the administration of the drugs. 

The Course and Nature of Hyperendemic Malaria. 

Clinical Features. 

The mild character of the malaria in the indigenous inhabitants of a hyper- 
endemic region is. surprising when it is remembered that if Europeans enter it 
— as occurred at the beginning of this century in the case of Taveta — ^many will 
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die of cerebral malaria or blackwater fever. Immunity is of course the explana- 
tion in adults, but it is difficult to understand why infants also suffer so little. 
The survey of infants, which will be described later, showed that in spite of 
heavy and 100 per cent, infections often with the three species of parasite, the 
children were well-nourished and healthy-looking. Even deaths from malaria 
in infants were apparently due as much to a co-existent anaemia or diarrhoea 
as to malaria itself and just as no schizonts of P. falciparum were discovered in 
their bloods, no cases of cerebral or fulminant malaria were reported. Death, 
on the other hand, from benign tertian malaria, which is so rare in Europeans, 
occurs in the natives of this area. fE.g. Two infants of 3 and 4 months respec- 
tively died as a result of heavy infection with P. vivax — the latter only being 
an inhabitant of an experiment village — see Protocol 7, page 186.) 

Approximately a third of both children and adults appeared to have no 
fever throughout the period of observation, in spite of heavy malarial infection 
(in the former) and Table V shows that the average amount of fever per person 
per year is little more than one attack. It is probable that these figures do not 
include all slight attacks, though the constant visits to the villages are bound to 
have revealed all the crippling ones. In order to verify the absence of fever 
(though it must be remembered that the investigation was confined to complaints 
of “fever” and not pyrexia) the temperatures of four children were taken twice 
daily for a week. None of the children during this period had a temperature 
reaching 100° F., though all showed slight rises at one time or another, but at 
these times they did not complain of feeling feverish. 

Protocol 1 (Mb. 28), on page 183, gives an example of the mild character 
of the malaria in an infant and Protocol 2 (S. 48) shows a similar case but with 
absence of fever. In Protocol 3 (M. 43A) it is seen that even the contraction of 
its first infection by a new-born child was unaccompanied by fever. The 
reverse side of the picture is provided by cases such as are illustrated in 
Protocol 4 (Mb. 38) in which pyrexia is common but the presence of parasites 
infrequent. 


Infantile Mortality. 

It is, of course, impossible to give a definite figure of this index, based 
upon the small number of infants examined in the investigation, but it is interest- 
ing to see what happened to them during the year when 4 died out of the total 
of 10 examined. 

In only one of these cases (that of the triple infection) can death be directly 
ascribed to malaria ■, in two, it was probably a contributory factor and in the 
first probably quite incidental. 

No deaths from malaria in older children or adults occurred during the 
period of the investigation. 
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Table X. 



Al'c at Death. 

■ Cause of Death. 

1 

; Number of Months 
j witli Malaria. 

S months 
•i 

11 

, Broncho-pneumonia followinp measles 

Diarrhoea and heavy ll.T. malaria (l>rotocol 7) 
S.T., Q. and B.T. malaria 

Intense anaemia uith scanty S.T. malaria (less 
than 1 parasite per .70 fields) 

3 months 

1 month 

3 months 
‘ 1 month 




Age Ivcidcticc of Infection. 

assoltd 

in nr, f u 3n abrupt rise in infancy to a 100 per cent 

roughly a ’th°rd°rfl^J adolescence to 

m^rtoof tW^n^ ‘Vi’rfrrf ^ Msengoni, where there was a 

and M^Poni^ ^ see Table VI) and a quarter in maturity (as at Selandongo 

endemici^ h'thnt t^^an this general wave, typical of hyper- 

nameTbfsc of age and 

Snadon s^T ' “ New-Born Index ” (an amb^uous 

signation, since it suggests congenital malaria). ^ 


Table XL 



F 
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the infections per month of age in a group of 67 infants in the Taveta forest 
examined at the end of the dry season. It is seen that during the first 6 months 
of life, a few infants manage to escape infection, but that after that age, 100 per 
cent, are infected. More specific dates of first infections are provided by the 
infants born in the experiment villages and who were examined every month. 
They became infected as follows : — 


Table XII. 


Date of Birth. 

Date Infected. 

Species. 

2.1.3+ 

8.9.34 

P. falciparum 

l.=).2.34 

12.0.34 

P. vivax 

7.3.34 

l.O.B.St 

P. falciparum 

13.3.34 (Protocol 3) 

12.0..34 

P. falciparum 


Both Plasmodium vivax and P. falciparum appear at the end of the second 
month of life, but infections of P. malariae are delayed — presumably because of 
the extremely long incubation period of this species — until the fifth month. 
Towards the end of the first year, however, quartan infection becomes well- 
established, nearly all the infants, a year old, being infected with this parasite ; 
later in childhood its incidence lessens and in nearly a thousand examinations 
of adults there were only 1-5 per cent, of quartan infections. 

Approximately half of the infants of all ages (after the second month) had 
crescents in their blood ; the gametocyte incidence diminishes later in childhood 
as is indicated in Table VIII and in adults crescents are rarely found. 


Species and Morphology of the Parasite. 

The prevalent species and the only one that persists into adult life is 
P. falciparum. The quartan parasite is hardly less common in young children, 
but rapidly disappears with increasing age. In other words, as Thomson (1934) 
has recently pointed out, immunity towards quartan is established much sooner 
than to sub-tertian (see Table XI for quartan infections in infants and Table IX 
for those in older children). P. vivax is only occasionally encountered. The 
sub-tertian parasite is ubiquitous as regards locality and P. malariae only slightly 
less so, though it occasionally shows a more focal distribution, e.g. a few families 
will be persistently negative for this parasite throughout the months of examina- 
tion, whilst others in the vicinity and of a similar age constitution will show 
the usual quartan infection in the young children. Benign tertian malaria, on 
the other hand, is markedly localised in distribution, for instance in the 67 
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children of 1 year and under (Table XI), the benign tertian cases (with one 
exception) all came from a single village.* 

Seasonal changes in the parasite rates were not particularly noticeable (see 
Tables VI and VII, page 174, and Table XIII for rainfall and temperature). 

Table XIII. 

Rainfall and A%-ERAcn Maximum and Minimum Tempi- iuxtuee. 


Month. 

Rainfall in Inche.s. 

Maximum Temperature. 
(T.) 

i 

! Minimum Temperature. 

(T.) 

Aug., 1933 

0-34 

SO 

65 

Sept. „ 

0-00 

82 

G5 

Oct. 

0-13 

89 

C8 

Nov. 

M2 

91 

70 

Dec. 

1-92 

93 

70 

Jan., 19.34 

0-27 

Oo-o 

69-5 

Feb. 

0-CG 

97 

71 

Mar. 

0-79 

92 

72 

Apr. 

2-50 

89 

71 

May 

4-30 

80 

72 

June 

1-27 

7" 

B5 

July 

0-33 

79 

64 

Aug. 

0-00 

80 

66 

Sept. 

0-15 




What appeared to be new contractions of quartan malaria were most common 
in August, 3 months after the rainy season and apparently new infections of 
benign tertian were commonest in the month of June, i.e. 1 month after the 
rains. The fleeting appearance of P. vivax and to a lesser extent of P. malariae 
makes it difficult to diagnose fresh infections with certainty. Frequently benign 
tertian parasites appear for a month and are not seen again or perhaps not until 
8 or 9 months later ; often their presence seems to oust temporarily a previously 
persistent sub-tertian infection (see Protocols 5 and 6, pages 185 and 186). 

There seems likewise to be little seasonal fluctuation in the crescent rates, 
though there is a suggestion of an increased production during the dry seasons 
{e.g. March and August in Mbogoni, see Table VIII). A hyperendemic area, 
such as Taveta, is in this way in marked contrast to districts subject to fulminant 

* One is constantly meeting with examples of localisation of benign tertian^ malaria, 
c.g. the only cases of this infection discovered in the small town of Voi (75 miles from 
Taveta) during the same period as that of the experiment, occurred simultaneously in pvo 
Indians living in a single room of a Railway landhie and the only cases of benign tertian, 
contracted by prisoners in Fort Jesus, Mombasa, in 1932, occurred within a day of each 
other in occupants of adjacent cells. 
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epidemics, e.g. Northern Sind in India, where Covell and Bailey (1933) 
reported an abrupt rise in the crescent rate about the ninth week of the epidemic. 

The morphology of the sub-tertian parasites corresponded to the appear- 
ances described by the writer (Garnham, 1933) as characteristic of an East 
African (?) sub-species of P. falciparum. Certain infants in their initial attacks 
of malaria showed these features {e.g. large, solid or tenuiform parasites in 
enlarged cells with Maurer’s dots well-marked), thus demonstrating that the 
peculiarities are not — as has been suggested — the result of long-continued 
infection. 

The quartan parasites presented the following atypical (or little described) 
appearances : — 

1. Tenuiform rings common. 

2. Large vacuole in two-thirds grown trophozoites. 

3. A well-defined peripheral thickening (ectoplasm or capsule) in the half 
to three-quarters grown forms (Garnham, 1933). 

4. Delay in the division of the chromatin until a few hours before breakage 
of the schizont. 

5. The pigment .often golden yellow rather than black. 


^ Anophelines at Taveta. 

I 

During the period of the experiment Anopheles gambiae [costalis) was the 
predominant house-haunting mosquito, whilst A. ftmestus was much less fre- 
quently found. Daily searches and counts were not made, but the following 
figures give a rough idea of the proportions of the two species : — 


Table XIV. 

Anophelines captured in Houses in the Three Experiment Villages. 


Month (1934). 

A. gambiae. 

A. funcstus. 

January 

65 

S 

February 

CO 

14 

March 

42 

S 

April 

74 

18 

May 

99 

10 

June 

67 

4 

July 

39 

5 

August 

Nil. 

Nil. 

September 

■■ 

»» 
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The following anophelines were also caught on rare occasions as adults 
in huts ; — A. prrtoricjisis ; A. mourilianus ; A. marshalli ; A. natalcnsis. 

The following species of Anopheles were captured in larval form ; — 
gambiac ; ?norslialli (at least 2 varieties) ; pretoriensis ; natalensis ; iransvaalcnsis ; 
lotigipalpts ; vwuriliamts. 

Kauntze and Symes (1933) found both A, gambiac a.nd ftmestus infected 
with malaria in Taveta, the former species up to 6*3 per cent, and undoubtedly 
these two mosquitoes are the chief agents responsible for the transmission of 
the disease, though it is possible that A. vtarshalli also plays a part, as this 
species has been found naturally infected in other parts of East Africa. In the 
present investigation, no special seasonal predominance of one or other species 
was noticed and there was no particular correlation between the anophelines 
and fever or parasite rates. 


Discussion. 

From the above study it appears that the aim of anti-malarial measures in 
a hyperendemic area must be in a ver}'^ different direction from the aim of those 
in epidemic or endemic regions. In endemic, we want to reduce the amount 
and severity of fever and have succeeded in doing so sometimes by drugs ; in 
epidemic, to prevent the occurrence of malaria; but in a hyperendemic, what is 
to be our objective ? Here, it is a question not of prevention, but of eradication, 
which, sui generis, must usually be a task of huge magnitude, and not a question 
of diminishing the amount of fever, because there is no fever or very little, 
except when the balance between immunity and parasites is upset. 

There would appear to be a certain similarity between the hyperendemic 
malaria of tropical Africa and the malaria which occurs in monkeys, reptiles, 
wild birds, etc,, in many parts of the world. As in birds or monkeys, but probably 
not quite to such a degree, immunity has become so complete that morbidity 
is reduced to a minimum. This appears to apply only to subtertian and quartan 
malaria ; with benign-tertian, infections appear to be much more virulent, 
possibly owing to the later introduction of this species and consequent lesser 
degree of racial immunity. A certain amount of morbidity must result in man 
and animals from the destruction of = erythrocytes — a necessary concomitant of 
the parasite cycle, but possibly after centuries of this, blood destruction of this 
type hardly differs in its effects from the blood destruction which occurs as a 
normal event in the body’s mechanism. 

It is seen that the administration of drugs had no effect beyond a reduction 
in the parasite intensity — an effect of doubtful therapeutic value in the circum- 
stances. Eradication of the anopheline carriers (and anything less than eradica- 
tion would probably be useless) is practically impossible. Bonification in such 
a district as this, is par excellence, inapplicable. There remains the unorthodox 
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attitude of non-interference and allowing the malaria to continue in its present 
mild (and yet excessively parasitised) course until, as apparently in some of 
the lower forms of life, a state of perfect commensalism is reached. There is 
no reason why further research into the nature of malarial immunity should 
not disclose a means of hastening and perfecting this end. In the meantime, a 
vigilant watch must always be kept for the incidence of those conditions, which, 
sometimes so appallingly, upset the balance in a hyperendemic community and 
cause a fulminant outbreak. 


Summary. 

1. An investigation was carried out in a forest area in Kenya Colony («) to 
determine the anti-malarial effect of atebrin and plasmoquine and (b) to study 
the course of hyperendemic malaria, both over a period of a year. 

2. One gramme of atebrin per person monthly (less for children) in ten 
separate doses and OT gramme of plasmoquine were given to the inhabitants 
of two villages respectively, each containing just under 50 people, and a third 
village was used as a control. 

3. The absence of suitable indices for the measurement of morbidity in a 
hyperendemic area is pointed out ; the following, fautc dc viiciix, being used ; — 
(n) Parasite rate ; (b) Spleen rate ; (c) Parasite intensity ; (d) Fever rate. 

4. The only index which was affected by the administration of the drugs 
was that of parasite intensity, which after 12 months was approximately halved 
in the treated villages and showed a rise in the control. It is pointed out that 
unlike epidemic or endemic regions this does not in a hyperendemic area 
necessarily represent an effect of any therapeutic value. 

5. Hyperendemic malaria in Taveta is characterised by the mildness of 
the symptoms it gives rise to, in spite of heavy blood infection and in contrast 
to its deadliness to Europeans. 

6. One third of the inhabitants showed no fever at all during the year and 
on an average an individual had only one attack during this period. 

7. Of the 10 infants living in the experiment villages, 4 died during the 
course of the investigation and of those 4 deaths only 1 could be definitely 
ascribed to malaria alone. Benign-tertian appears to cause a greater mortality 
than that of the other species — unlike the position elsewhere. 

8. A subsidiary investigation into 67 children of 12 months and under 
revealed the following points with regard to age incidence : — 

(a) 100 per cent, malaria infection after 6 months. 

(b) Sub-tertian and benign tertian malaria begin in the second and third 
months respectively, whilst quartan is delayed till the 5th month. 

(c) Nearly 100 per cent, of the children of a year old are infected with 
quartan. 



V. C. C. GAIIKHAM. 


183 


(rf) There was no special monthly variation in the crescent rate, but approxi- 
mately a half of the infants of all ages had crescents. 

9. Incidence of malaria later in childhood and in maturity followed the 
recognised course of hypcrcndemicity, viz. round the 80 per cent, level in 
children, 30 per cent, in young adults and 25 per cent, in later life. Quartan 
malaria disappears much more rapidly than sub-tertian and gametocytes of the 
latter more rapidly than asexual forms. 

10. The prevalent species is Plasmodium falciparum^ with P. malariae a 
close second. P. vivax is comparatively uncommon and tends to have a focal 
distribution, 

11. Seasonal changes in the parasite or fever rates were slight. New 
quartan infections appeared about three months after the rainy season and 
benign tertian a month. P. vivax and to a less degree P. 7ualariae have a habit 
of appearing fleetingly for one month and not re-appearing until 8 or 9 months 
later. Crescent rates likewise show little seasonal changes. 

12. The morpholog)”^ oi P. falciparum is similar to that described elsewhere 
by the writer as characteristic of an East African strain or sub-species. Certain 
peculiarities of P. malariae are described. 

13. Anopheles gambiae is the principal transmitter of the disease and to a 
lesser extent A, funestus, 

14. It is suggested that in this highly hyperendemic region a condition of 
commensalism is slowly being reached — as shown by the mildness of the malaria 
in contrast to the high degree of infection — and tliat because of the inapplicability 
of the ordinary measures of control, the attainment of this state should be the aim. 

Protocols. 


Protocol 1 (Mbogoni 28). Male Child aged G Months. 
Heavy malaria infection (triple) and slight fever. 


Date. 

Spleen. 

Finger- 

breadths. 

Fever. 

Sub- 

tertian. 

' 

Crescent. 

Benign 

Tertian. 

, 

1 Quartan. 

i 

4. 8.33 




50 

5<J 


— 

a 

6.10.33 



— 

— 

— 

+ + 

G.11.33 




— 

— 

+ 

5.12.33 


99-8 “F. 8.12.33 

-f 

— 

— 

+ 

2. 1.34 



4- 

+ 

— 

+ 

14. 3.34 



+ 

-f 

— 

-h 

2. 5.34 


100-2 “F. 10.5.34 

+ 

+ 

— 

+ 

11. 6.34 



+ 

— 

— 

+ 

10. 7.34 




— 

— 

+ 

16. 8.34 


99-2 “F. 23.8.34 

+ 

— 

— 

+ 

8. 9.34 

4 


it 

+ 

— 

1 
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Protocol 2 (Selandongo 48). Male Child aged 1 Year. 
Hea\'y malaria infection with absence of fever. 


Date. 

Spleen. 

FinRer- 

breadths. 

Fever, 

Sub- 
tertian . 

Crescent. 

Benign 

Tertian. 

Quartan. 

2. 8.33 

1 


^s- 

-k 

— 

+ 

7.10.33 



+ 

— 

— 

— 

7.11.33 



+ 

— 

— 

— 

6.12.33 



+ 

— 

— 

— 

3. 1.34 



+ 

— 

— 

— 

15. 3.34 



4- 

— 

— 

— 

2. 5.34 



+ 

+ 

+ 

— 

12. 6.34 



+ + + 

+ 

— 

— 

11. 7.34 



+ 

— 

— 

— 

16. 8.34 



+ 

+ 

— 

— 

8. 9.34 

3 


U 



— 


Protocol 3 (Msengoni 43a). Male Child born 13.3.34. 
First attack of malaria in an infant is unaccompanied by fever. 


Date. 

Spleen. 

Fever. 

Sub- 

tertian. 

Crescent, 

Benign 

Tertian. 

Quartan. 

15. 3.34 

— 








6. 4.34 



— 

— 



— 

2. 5.34 



— 

— 

— 

— 

12. 6.34 



-k 

+ 

— 

— 

11. 7.34 



+ 

— 

— 

— 

16. 8.34 



+ 

-k 

— 

— 

7. 9.34 




+ 

— 

— 
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Protocol 4 (Mrogoni 3S). Male Adult Acnu ;>0 Years. 
Scanty parasites but several atracks of mild fever. 


Date. 

Spleen. 

Finger- 

breadths. 

I'ever. 

Sub- 

tertian. 

« 

Crescent. 

Benign 

Tertian. 

Quartan. 

1. 8.3.3 








— 

- - 

C. 10.33 




-- 

— 

— 

— 

0.11.33 




— 

— 

— 

— 

5.12.33 




— 

— 

— 

— 

2. 1.34 


99-4 'F. 

20.2.34 


— 

— 

— 

14. 3.34 



\ 

— 

1 . 

— 

— 

2. 5.34 


99-S ^F. 

4.5.34 

— 

— 

— 

"T 

11. G.34 


100-2 °F. 

T.C.34 

— 

— 

— 

— 

10. T.34 


99-0 'F. 

27.7.34 

— 

— 

— 

— 

16. 8.34 




— 

— 

— 

— 

7. 9.34 

- 



— 

< I 



— 


Protocol 5 (Msexgoxi 2-2). Male Child aged 2 Yilars. 

Possibly new infection of benign tertian in June and quartan in August. 
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Protocol 6 (Mbogoni 18). Male Child aged 4 Years. 

Tendency of sub-tertian to disappear in presence of benign tertian parasites. 


Date 

Spleen. 

Finger- 

breadths. 

Fever. 

Sub- „ 

Crescent. 

tertian. 

Benign 

Tertian. 

Quartan. 

5. 9.33 

4 


-f ! - 




6.10.33 



+ i — 



6.11.33 



+ — 

— 

_ 

5.12.33 



— — 

— 


2. 1.34 



+ i — 

— 


14. 3.34 



-f- , — 

+ 

— 

2. 5.34 



-h ' — 

- 

— 

11. 6.34 




+ + 

— 

10. 7.34 


99-8 °F. 14.7.34 

— 

- 

— 

16. 8.34 



-h — 



— 

7. 9.34 

3 


— i — 

+ 

— 


Protocol 7 (Selandongo 52a). Male Child aged 1 Month. 

Fatal case of benign tertian malaria. Plasmoquine fails to prevent infection. 


Date. 

Spleen, j 

1 

Fever. 

Sub- 

tertian. 

Crescent. 

Benign 

Tertian. 

Quartan. 

15. 3.34 

■ 

— 









6. 4.34 


— 

— 

— 

— 

— 

2. 5.34 

— : 

— 

— 

— 



— 

12. 6.34 

- 

99-2 °F. 14.6.34 

— 

— 

4" 4" 

— 


(Died 30.6.34 ? diarrhoea or ? malaria). 
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A SPLEEN RATE SURVEY IN THE COLONY OF HONGKONG. 

BY 

K. H. UTTLEY, M.A., M.D., D.T.M. & H. 


Introduction. 

A large number of reports have been published in the past giving details 
of spleen rates in the East, but not man}’’ have been concerned with China. 

Meleney and Lee (1927) obtained a rate of 10-4 per cent, in some villages 
near Peking, and the National Health Administration of Nanking (1933) working 
in the Yangtse Valley of Central China examined 14,015 children, meeting with 
436 (3'04 per cent.) palpable spleens. In the city of Nanking they obtained a 
spleen rate of 2-46 per cent. As far as I can ascertain, no reports have appeared 
in the literature dealing with spleen rates for South China, e.xcepting certain 
ones to be mentioned later in this paper, which deal with Hongkong. 

Before summarising the work done in Hongkong, it will be well to consider 
the relevant geographical features of the Colony, and the mosquitoes there 
concerned with the transmission of malaria. 

Geographical Features. 

The Colony of Hongkong lies just within the northern limits of the tropics, 
south of the mainland mass of China, near the estuar}^ of the Canton or Pearl 
River, and facing the China Sea. It consists of : — 

a. The Island of Hongkong, 32 square miles in area, on which is the city 
of Victoria, with an estimated population of 424,132. 

■h. The Peninsula of Kowloon, 2$ square miles in area, and an estimated 
population of 297,293. 

c. The Leased or New Territories, of about 300 square miles in area, 
and an estimated population of 101,298. There is in addition, an estimated 
population of 100,000 people living on the junks and Chinese boats of the Colony. 
The New Territories are very hilly, the hills rising to an average height of 1,500 
feet, and interspersed with numerous valleys and ravines. Except in the lower 
parts of the valleys, there are not many trees, and the general appearance of the 
countryside is one of barren and rugged hills, with narrow cultivated valleys in 
between them, except to the North and West, where there are several fairly 
Wide valleys with flat areas two or three miles in extent, given over to the growing 
of rice. 
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The population is scattered about in small villages lying in the valleys and 
plains, nearly all of them engaged in agriculture, and having little or nothing 
to do with the cities of Victoria and Kowloon. 

Very few villages are more than half a mile from the foothills, and although 
later on in the paper I shall refer to the spleen rate in the plains, this fact must 
be borne in mind. 

Mosquito Carriers. 

The chief mosquito carriers, as determined by the Government Malariolo- 
gist (Jackson, 1932) are Anopheles minimus and A. jeyporiensis var. candidiensis. 
Jackson (1933) found A. maailatus and A. hyrcanus var sinensis to be carriers 
under exceptional conditions at a labour camp, but their infection rates were low 
as compared with those of the first two species, derived from the same source. 

Previous Spleen Rate Surveys in the Colony. 

The following summarizes the surveys carried out by the Government 
Malariologist, and details may be found on reference to his various reports 
(Jackson, 1931, 1932, 1933). 

a. 391 children examined in the Eastern end of the city of Victoria had a 
spleen rate of 2-30 per cent. (Jackson, 1931). 

b. Of 65 children examined in Stanley, a native village on the Island of 
Hongkong, none had palpable spleens (Jackson, 1931). 

c. Several small surveys in the New Territories showed that of 93 children 
examined, 24 or 25-8 per cent, had palpable spleens (1931). 

d. Of 400 children examined in different parts of the Colony 96, or 24-00 
per cent, had enlarged spleens (1932), 

e. Five surveys carried out, some on the Island and some on the Mainland 
during 1932 showed that of 304 children, 18, or 5-9 per cent, had palpable 
spleens (1933). 

Altogether during the three years 1930-1932, 1,253 children were examined, 
and 147 or 1 T7 per cent, had enlarged spleens. The above is all that was known 
about spleen rates among the children of the Colony prior to the survey about 
to be considered. 

Details of the Survey. 

It was decided to carry out a spleen rate survey of as many of the village 
school children of the New Territories as possible.* This was done during the 
20 months from March, 1933, to November, 1934. As hardly any children come 
to school before 5 years of age, or stay on after 14, the figures below refer to 
rates for children between those two ages. 

♦Each village school caters for the children in the village concerned. Hardly any 
children will go to school in a neighbouring village, consequently the spleen rate in the 
village school -will correspond closely with that of all the children in the village. 
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i. I’C ’ "■' CI'=“"S CI.OW Island. 

272 = lO-S per cent. "" cx.amtncd : 2.609 ; spleens palpated .- 

cent. Children e.\.amincd : 1.675 : spleens palpated : S2 = J.g per 

“■■ •'«! spleens palpated .. 

palpated : ;)3S = 7-4?per ceiu'™'’''''^ children e.camined : 4,659 : spleens 

rate to be lotrTn''t]« nl f- spleen 
than a gene^lrt^ndt^'":: ^his is not Lore 

at the foothills, though ’hL-dlv eve tates were sometimes found in villages 

the hills. " ‘ ^ spleen rate found awa}- from 

few hundrTd^acres^in interest. It is a small island of a 

is little wat oTthe Sa'nd ’ There 

brought over in boats 4hbn, quantity of what is used has to be 

there are not many suhable brecd!'ng°p"acer°'’ 

ratevaluJln°Lmm'erMd in' difference bepveen the spleen 

SUR (1929) in which they state'^rf^’ -"I ^ Tyexg.^r and 

variation. In this survey th a ^-% ^ definite seasonal 

limit^of e.vperimental error. ^ come within the 

similar geogra^J^cal Ire^^ ^ t!^ uniformity as regards the rate in apparentlv 
villagesLateTat ftSill n ^ai Kung, a 

in a similar situation. P^^ Peak area, 

the pfafns' grouped in districts, the first four of which are in 
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No work has yet been done to ascertain the blood parasite rates in these 
localities, so that it is not possible to say definitely whether or not one area is 
more highly infected with malaria than is another, but excepting for the Island 
of Cheung Chow above discussed, the impression obtained by the medical 
officers is that there is much less malaria in the plains of Yuen Long and Fan 
Ling, than in the foothills and hills. In the latter areas, considerable numbers 
of malaria cases are met with, and the inhabitants are well acquainted with the 
disease, giving typical histories in many cases, even in those places with low 
spleen rates. 

During the latter half of the survey, note was taken of the sizes of the spleens 
encountered. The following are the details of size and number of the 204 
spleens measured. 


Finger Breadths. 

Number. 

Percentage. 

1 

Finger Breadths. 

Number. 

Percentage. 

1 

29 

14-4 

C 

12 

5-9 

2 

43 

21-1 

7 

11 

5-4 

.3 

45 

22 '1 

8 

8 

3-9 

4 

40 

19-0 

9 

— 


5 

14 

G-8 

10 

2 

0-C 


The above figures are not large, but they are of interest because of the 
dearth of such details concerning China, and South China in particular. 
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ATEBRIN, PLASMO QUINE AND QUININE IN THE TIUiATMENT 

OF MALARIA.^ 

BY 

J. A. CARM.\N, M.D. (Lond.), D.T.M. & H., 

Medical Officer, Kenya Colony. 


I. — Modern Views on Immunity and its Bearing on Treatment. 


In the Report of the Malaria Commission of the League of Natims (1933), 
in the course of an exhaustive survey of the literature dealing with malarial 
tlierapeutics which had been published up to that time, repeated reference 
is made to the fact that malaria is a disease which varies widely in its virulence, 
not only in different countries but according to the strain of parasite whici is 
responsible for the infection concerned. In Kenya it is noticeable that perni- 
cious types of sub-tertian malaria and cases of blackwater fever occur muc i 
more frequently in some districts than in others, a fact that offers an explanation 
for the wide divergency of the views held by equally competent and experienced 
medical men as to the need or otherwise for injection treatment. In the vicinity 
of Kisumu on Lake Victoria it is found to be impossible to treat more than a 
minority of cases Avith quinine alone. To quote from the League of Nations 
Report “ ... to existing knowledge that some species of the malarial parasite 
are much more virulent to the host than others has been added the information 
that there is a difference between the clinical virulence of the different geographi- 
cal races or strains of the same morphological species,” and again (1933), it 
has been found, for example, that to control the primary attack of cases o 
malignant tertian malaria infected with a Rome strain of P. falciparum it require 
eight times as much quinine as was required to control cases infected under 
precisely the same conditions vdth an Indian strain. . . . These and ot er 
results afford a reasonable explanation of contradictory observations on t e 
therapeutic efficacy of the same plan of treatment conducted in different countries 
and indicate the importance of local therapeutic investigations. 

In vieAv of this last recommendation, an attempt has been made to 
out a clinical experiment to determine the relative values of certain anti-ma ana 


^ * This paper is published by the courtesy of the Director of MpiCAL Services. 

Kenya Colony, and my thanks are due to Messrs, Bayer, Meister, Lucius & o. 
generous supply of atebrin for this experiment. 



192 


ATEBRIN, PLASMOQUINE AND QUININE. 


remedies in the treatment of local strains of malaria and to ascertain whether the 
higher cost of such drugs as atebrin and plasmoquine is so far offset by their 
greater efficacy as to justify their routine use in native hospitals. 

The type of malaria which predominates heavily in this Colony is 
malignant tertian and all the cases included in the experiment were infected 
with that species of parasite. With few exceptions, the patients were adult 
males and were drawn from a variety of tribes subject to malarial infection 
in widely separated parts of the Colony. It was considered impossible even by 
careful interrogation to arrive at an accurate decision as to the nature of the 
attacks, whether primary infection, relapse, or secondary infection ; and even 
had it been possible to follow up cases with a view to estimating the relapse 
rate, malaria was so rife throughout the period that the figures would have 
been rendered worthless by the impossibility of determining whether\ further 
attacks were in fact relapses or were due to re-infection. 

The view is being put forward with increasing emphasis that it is bad 
practice to begin the treatment of malaria infections at the commencement 
of the attack since by so doing one prevents the patient from developing an 
acquired immunity. In this connection the League of Nations Report has 
a good deal to say, though it recognises the danger that may attend delay in 
treating malignant tertian cases. We read as follows (1933), "... to give 
large doses of quinine indiscriminately to all cases of malaria is a grave error . . . 
we wish to correct the common view that the earlier one begins specific treatment 
the more successful will be the results,” and lower down on the same page, 
"... the risk of pernicious symptoms in malignant tertian fever is greatest 
in the primary attack and earlier recrudescences, because any person who has 
recovered from that stage of the disease has acquired sufficient defensive power 
to protect him when he gets a relapse, against those disastrous consequences.” 

Though this dictum may be true enough in theory and though it is an 
undoubted fact that many people do develop an acquired immunity to malaria, 
it is a common experience to find in East Africa that pernicious symptoms 
do from time to time arise in old residents who have successfully weathered 
many attacks of malaria, a fact which cannot always be explained by the possi- 
bility that they have been infected anew with a strain of parasite against which 
they have no immunity. Further, there is the danger that such conditions 
as malarial cachexia and blackwater fever may result if vigorous treatment 
is not commenced early, so that if one waits for a patient to develop immunity 
one may run a grave risk of his losing his life in the process. The impracti- 
cability of the suggestion embodied under this head in the Report of the Malaria 
.Commission of the League of Nations vias pointed out by Dubois (1933) who is 
strongly of the opinion that treatment in sub-tertian malaria should be 
commenced at the earliest possible moment. 

J. Gordon Thomson (1933) states that acquired immunity may be highly 
dangerous to Europeans who still harbour parasites in their blood, are usually 
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anaemic and run the risk of contracting haemoglobinuric fever. He further 
states that acquired immunity in natives results from their being bitten con- 
stantly by infected mosquitoes over a period of from twelve to fifteen years 
and those who have worked in hypcrendemic areas may well consider that the 
price paid in infant and child mortality for this dcarly-won freedom from 
clinical manifestations is too heavy. In any case, it is doubtful whether the 
degree of immunity acquired by Europeans re.sident in East Africa is, in view 
of its attendant risks, worth having, while in questioning the desirability of 
treating native children for their malaria, the League of Nations Commission 
may be advocating the survival of a few immunes at the c.\pense of a large 
number of prematurely-dead infants. 

That the introduction of malaria-therapy into asylum practice has opened 
up a very wide field for research, cannot be questioned, but it is questionable 
whether so many sweeping conclusions could have been drawn and widely 
accepted without challenge in any other branch of biological research, if it had 
been published beforehand that all the e.\perimental animals used were diseased. 
The mere fact that there is a close relation between para-syphilis and malaria 
is surely enough to give pause to the assumption that clinical e.vperiments in 
this field have any but a very limited application in malariology generally. 
Gill (1933) draws attention to these possible fallacies when he says that not 
only are the subjects of these oft-quoted tests syphilitics, but they are patients 
who have been for years under treatment with various arsenical and other 
remedies which may have profoundly altered their reaction to malarial infection, 
anti-malarial treatment and the deA'elopment or otherwise of an acquired 
immunity. He epitomises his remarks by stating that these cannot be regarded 
as “ clean experiments.” 

The fact that in some districts the whole native population is subject to 
-malarial infection from earliest youth, cannot be denied and to quote again 
from the League of Nations Report (1933), " It is known . . . that in some 
localities of Africa and other tropical countries, the entire native population 
above one year of age harbour malarial parasites in their blood continuously, 
although no one above a few years of age suffers any appreciable illness attribu- 
table to the parasitic infection.” The first half of this statement has been 
admitted to be true, but the existence of the implied complete immunity arising 
out of this state of affairs is open to question. McLean (1931) working in 
South Kavirondo, Kenya, records the fact that of 467 natives from whom blood 
smears were examined for trypanosomiasis 451, or 96*57 per cent., were foun 
to be harbouring malaria parasites. The gametocyte rate was 9*8 per cent., 
and it is stated that the people were not apparently inconvenienced by t eir 
infection. In another area in Central Kavirondo the parasite rate was 95 1 per 
cent, of 203 children under twelve and the gametocyte rate was 5*9 per cent. 
These are recorded facts which cannot be called into question but the conclusions 
drawn from them are less well proven. The advent of some factor u ic 
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temporarily or permanently lowers the resistance of these parasitised natives 
may well enable the plasmodium of malaria to turn the tables against this vaunted 
immunity. It is a common experience for patients to be admitted to hospital 
with some surgical or medical condition other than malaria and to require 
treatment for that disease as well as for that for which they first sought advice. 
Working in the same hyperendemic area near Lake Victoria as that referred 
to by McLean the writer saw a good deal of illness caused by malaria, and over a 
period of two years in that district treated three cases of blackwater fever, and 
saw one other, all in local natives, two of whom died. 

It is also stated in the Report that crescents are seen much more frequently 
in primary attacks since the establishment of an acquired immunity discourages 
their development, but in the light of the clinical evidence to be dealt with 
shortly, these statements are difficult to correlate with two points of importance. 
Firstly the incidence of crescents in all the groups of patients was exceedingly 
high, and secondly, a large proportion of the patients must have had a good deal 
of malaria previously. The number of patients found to have crescents was 
56’2 per cent, and this high figure cannot be attributed to any supposed provoca- 
tive action of either atebrin or plasmoquine since even in those cases treated with 
quinine alone, the gametocyte rate was 50 per cent. It may be that although 
a number of the patients concerned came from true endemic areas, they may 
not have been previously infected with local strains of malaria, but it is unlikely 
that many of the total of 226 subjects had escaped several attacks while residing 
in the artificial endemic area of Nairobi township. 

11. — Clinical Investigation into Treatment. 

The primary object of the investigation was to ascertain the relative merits 
of atebrin and quinine in the treatment of local strains of malaria and to determine 
if possible whether the alleged higher standard of efficacy of the former would so 
far offset its higher cost as to warrant its routine use in Government Native 
Hospitals. Since the actual cost of atebrin, dose for dose, is so much higher 
than that of quinine, the only ways in which a saving could be effected were by 
reducing the time of stay in hospital or by preventing relapses. 

It should be noted that so far as these records are concerned, it was the rule 
for patients to give a history of having been ill for some days before admission 
to hospital so that one desideratum laid down by the League Commission was 
met perforce. Be that as it may, it is, of course, quite out of the question when a 
native is admitted to hospital to do anything else but restore him to health by 
vigorous treatment at the earliest possible moment for the following reasons. 
Firstly because the fear of the development of pernicious symptoms must 
loom largely in the doctor’s consciousness, even if such symptoms are not 
already present on admission; secondly, the pressure on beds when malaria 
is rife makes it imperative for obvious reasons of humanity to discharge every 
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patient at the earliest safe moment; thirdly, there is the ever-present question 
of the e.xpense to whatever party, usuallj* Government, has to bear the cost 
of maintaining the patient in hospital ; and fourthly, the employer of labour 
wants his serv^ant back earning his wages as soon as he is fit to do so. Howm'er 
ill-advised and unfortunate any or all of these factors may be, not one of them 
can be ignored and they combine to demand that the beginning of treatment 
shall coincide with admission to hospital. 

Though it is still impossible to say how quinine acts as a curative agent in 
malaria, some workers, leaning towards the view that it functions as a sort of 
biological catalyst, assert that small doses are just as efficacious as larger ones 
and that since the}’ are less likely to give rise to undesirable symptoms they may 
even be preferable. While it is perfectly true that in the past, quinine was often 
pushed beyond the true limit of tolerance, a practice which can hardly be defended 
by an}”^ serious worker to-day, it would appear to be dangerous to make a general 
statement on this point. Different subjects vary widely in their tolerance of 
quinine and each case, particularly where women are concerned, requires to be 
treated on its own particular merits. \^ffierc robust males are concerned, 
however, it is the writer’s opinion, backed by the clinical evidence to be cited 
later, that a dosage of less than 30 grains of quinine daily, is inadequate for the 
treatment of sub-tertian malaria. 

General Remarks upon Atebrin Alow and with Plasmoqnine. 

In reading the extensive literature which has been built up upon the subject 
of atebrin treatment, it is at once apparent that the earlier hopes that it could 
almost always prevent relapses in sub-tertian malaria, have not been realised. 
Reports are conflicting but the general consensus of opinion seems to be that 
while relapses do occur they are far less frequent after atebrin than is the case 
after quinine, a view which is upheld by the writer’s own experience in treating 
European cases in Nairobi. As was noted above, it would have been impossible 
so far as the native cases in this experiment were concerned either to have kept 
the patients under observation over a period of months or to have eliminated the 
possibility of their becoming re-infected. 

In treating Europeans it is found after but a little experience that atebrin 
exerts its therapeutic action more slowly than does quinine but it has never been 
necessary to treat a case for more than 7 consecutive days with one tablet of 
0*1 gramme three times daily, and whereas patients on full doses of quinine are 
very often made uncomfortable by that drug, in the sense that they have the 
usual manifestations of cinchonism, there are no parallel discomforts to be 
recorded in connection with atebrin. The result of this has been that when a 
course of atebrin has been completed the return to normal health has been more 
rapid and moreover the treatment is over and done with and not prolonged 
over an indefinite period of weeks and months, as is still done in a large number 
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of cases with quinine. The yellow staining of -the skin, is the only unusual 
phenomenon noted and since it is non-toxic it can be ignored. When atebriii 
and plasmoquine'are given in combination as was originally recommended, a per- 
centage of cases occur in which abdominal pain is a prominent symptom, so 
prominent as sometimes to dominate the clinical picture. There is abundant 
evidence to show that plasmoquine exerts little or no effect upon the asexual 
stages of the sub-tertian parasite, and since it is presumably able to exert none 
but its own specific therapeutic action whether given alone or in combination 
with other drugs, there would appear to be no justification further to upset the 
patient during a serious illness by giving him this pain. There appears to be no 
valid reason why the plasmoquine should not be administered as a separate 
course after the attack of malaria has been terminated by treatment, since by 
that means the desired end of crescent-elimination can be gained without any 
discomfort. The League of Nations Report (1933) says, “ Clinicians should 
try to throw off the belief that by one or other form of intensive drug treatment 
during the primary attack they can sterilise all the parasites in infected persons,” 
but adds this rider, “ the justification for aiming at early permanent cure by 
specific drug therapy is much greater in malignant tertian than in benign tertian 
malaria.” The Commissioners might have gone further than that and laid 
down complete cure as the only sane object to have in view during the treatment 
of any case of sub-tertian. Whatever view one may hold on this point or on 
the ability or otherwise of plasmoquine to prevent relapses, it can hardly be 
questioned that to reduce enormously the number of people having gametocytes 
in their peripheral blood can hardly fail to be beneficial to the public health 
and it is just this which plasmoquine is able to do. 

For reasons already given it was not possible to keep the subjects of this 
experiment in hospital for longer than was necessary and since to have given 
atebrin and plasmoquine separately would have involved doubling that time, 
it was decided to combine the courses. It was found that the tendency to develop 
abdominal pain was not present in native patients and in the whole series of 226 
cases no toxic symptoms of any kind arose. 

In the tables which follow, groups are shown separately in which atebrin 
was combined firstly with plasmoquine simplex and secondly with plasmoquine 
compound. This was done not because of any supposed superiority of one drug 
over the other but because supplies of the latter were available for use. Normally 
plasmoquine simplex would have been used and would be given over a period Of 
5 days in a dosage of 0-01 gramme three times daily. - 

Methods of Treatment Employed. 

In order to make the fairest possible comparison between atebrin and 
quinine therapy, the following procedure was adopted. All cases diagnosed 
before admission as being clinically malaria, were given calomel and a saline 
purge and on the receipt of a positive blood report were labelled with a number. 
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The numbering being consecutive, the cases fell haphazard into their places 
whether they happened to be severe or slight; and then odd numbers were treated 
with the drug or drugs under test, while the even numbers were treated with 
quinine and regarded as controls. 

The examination of slides was carried out as far as was possible by the same 
person and a negative finding was recorded only after a thorough search had been 
made of both thin and thick films. 

In a number of cases, the patients remained in hospital for periods longer 
than the tables cover, but though for reasons of economising space particulars 
of the later days are not included, the details were used in assessing final results, 
and in calculating averages. 

The following are the doses of drugs given in each case three times daily ; 
atebrin 0-1 gramme ; plasmoquine simplex 0-01 gramme ; and plasmoquine 
compound, 0-01 gramme plasmoquine with 0-125 gramme quinine. These 
doses represent, of course, the standard tablets as sold by the manufacturers. 
The dose of quinine for the controls was 10 grains in solution three times 
daily, i.e., 0-6 gramme. 

The number of cases treated with (1) atebrin alone was 35, and the 
corresponding quinine controls 35 ; Nvhile the number of cases treated with (2) 
atebrin and plasmoquine compound was 31, and the corresponding quinine 
controls 31. The cases treated with (3) atebrin and plasmoquine simplex were 
22, and the quinine controls 22 ; while the cases treated with (4) quinine 15 
grains daily were 25, and the quinine controls 25. 

From the protocols the following four bases of comparison may be 
extracted and it is proposed to summarise the results under those heads. 

I. Length of time in hospital. (Calculated from the day when treatment 
was commenced.) 

II. Persistence of fever. 

III. Persistence of ase.xual parasites. 

IV. Persistence of crescents. 

I. — Length of Time in Hospital. 



Test Drug. 

Days. 

Quinine Controls. Days. 

1 

Atebrin 

6-8 

7-9 

2 

Atebrin + plasmoquine co. 

7-1 

7-9 

3 

Atebrin + plasmoquine simplex 

■9 

8-8 

4 

Quinine grains xv daily 

9-1 

7-6 . . 












198 


ATEBRIN, PLASMOQUINE AND QUININE. 


This analysis establishes at once the fact that patients receiving atebrin 
alone or in combination, were able to leave hospital roughly a day sooner than 
those who were treated with quinine. That patients on atebrin seem to revert 
more rapidly to normal health than those on quinine is just as noticeable in 
African practice as it is when Europeans are being dealt with. It is noticeable 
that the addition of plasmoquine although it does not give rise to toxic symptoms, 
does retard the return of a normal sense of well-being. It will be seen that 
the patients who received only 15 grains of quinine daily were longer in hospital 
than those in an)' other group. 

The combined averages are as follows ; — 

1. Atebrin alone or in combination, 7*2 days. 

2. Quinine 30 grains daily, 8-05 days. 

3. Quinine 15 grains daily, 9-1 days. 


II. — Persistence of Fever. 


jlllfl 

Test Drugs. Days. 

Quinine Controls. Days. 

1 

Atebrin 

2-9 

2-8 


Atebrin + plasmoquine co. 

3-0 

2.6 


Atebrin + plasmoquine simplex j 2-5 ! 2'n 

IS 

Quinine grains xv daily 



These figures tend to confirm the view expressed above and constantly 
referred to in the literature, that atebrin does not terminate the fever of a malarial 
attack quite as rapidly as does quinine in full doses, but a study of a large number 
of temperature charts shows that whereas quinine ends the attack by a process 
resembling lysis, atebrin, when once it brings the temperature down, more often 
prevents it rising again. 

Again in this analysis, the cases treated with small doses of quinine give the 
least favourable figures. The combined averages are : — 

1. Atebrin alone or in combination, 2-8 days. 

2. Quinine 30 grains daily, 2-7 days. 

3. Quinine 15 grains daily, 3-3 days. 
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111 . — Persistence of As^kuai. Pauasiti-s. 


• 


Test Drug. 

Days. 

Quinine Controls. Days. 


1 

Atebrin 

3-0 

.3-G 


•> 

Atebrin plasmoquinc co. 

2-3 

2-G 

3 

Atebrin + plasmoquinc simplex 

2-5 

.3-0 

4 

Quinine prains xv daily 

2-G 

3-0 


The persistence of asexual parasites in the peripheral blood is not of itself 
a matter of very great moment, but in spite of numerous references to the subject 
in scientific literature, there still persists in the minds of many practitioners 
a belief that if a patient has taken a single dose of quinine, it is futile to take a blood 
slide for diagnostic purposes. Not only does this result in a lazy habit of treating 
all minor febrile attacks as being due to malaria but it also deprives the doctor 
of definite information as to the species of parasite causing the illness. In this 
analysis the patients treated with small doses of quinine give the best results. 

The combined averages are : — 

1. Atebrin alone and in combination, 3-0 days. 

2. Quinine 30 grains daily, 3-0 days. 

3. Quinine 15 grains daily, 2-6 days. 

IV. — ^Persistence of Crescents. 



Percentage of cases in 

Test Drug. which crescents persisted. 

Quinine Controls, 

1 

Atebrin 

80 

59 

2 

Atebrin + plasmoquinc co. 

7 

68 


Atebrin + plasmoquine simplex 

■ 

18 

86 


Quinine grains xv daily 

68 

76 


It is not suggested under this head that because crescents had disappeared 
from the finger-blood at the time of discharge from hospital, the patient had been 
permanently freed from gametoc3n:es. It is recognised that in some patients 
in whom no crescents were found at any stage, they may have developed sub- 
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sequently, or alternatively, that their disappearance, where they did disappear, 
was purely temporary. It is suggested, however, that the very much lower 
figures obtained for patients who received plasmoquine indicate that it is very 
much more likely that the crescents were destroyed altogether in these cases 
than it was in those treated with atebrin or quinine alone. The averages were : 
for atebrin cases 80 per cent, persistence of crescents, for cases receiving plasmo- 
quine, 12^ per cent., and for cases on quinine 71 per cent. 

ATEBRIN IN BLACKWATER FEVER. 

Whenever in the course of a case of blackwater fever it is found that malaria 
parasites are still present in the blood, it is difficult to avoid the feeling that one 
is in a quandary. The administration of full doses of quinine may precipitate 
a further haemolysis and the alternative of working up from very small doses 
involves considerable delay. In addition to declared cases of blackwater fever, 
there are the subjects who present themselves for treatment while they are still 
in the condition described by Manson-Bahr as the “ pre-blackwater state,” 
whose position is so precarious that a single dose of quinine may precipitate 
a haemolysis. Both established cases of blackwater and patients obviously 
in danger of becoming subjects of that disease, appear to tolerate atebrin in 
full doses without the risk of primary or secondary haemolysis. Two Africans 
and one Indian, whose blackwater fever was complicated by persistent sub- 
tertian malaria infection, were successfully treated with atebrin. The usual 
measures were of course adopted for the treatment of the more serious disease, 
and all three recovered without relapse on OT gramme of atebrin given three 
times daily for 5 days. The writer has had the opportunity of treating two 
Europeans whose appearance and general condition led to the belief that their 
heavy sub-tertian infections were likely to culminate in severe haemolysis. 
In both cases atebrin OT gramme was given 4 hourly until the temperature 
fell to normal and both recovered without the development of any complication. 

COST OF treatment. 

With regard to the treatment of Europeans it may be said at once that the 
cost of a single day in hospital more than balances the added cost of atebrin 
over that of quinine. Besides this there is the consideration that convalescence 
is both quicker and more complete. The same remarks apply in only a slightly 
lesser degree to Asiatics but where Africans are concerned, the position is not 
quite so clear. 

Assuming that while he stays in hospital every African malaria patient 
takes 30 grains of quinine a day, the cost of drugs and feeding works out as 
follows : — 
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A. Ouinine — SWUngs. 

Quinine grains 30 daily for an average of 8*3 days 

at 2 shillings per ounce .. .. 1-03 

Cost of food at 0*34 shillings per day for 8*3 days , . 2’82 


Total 3-85 


B. Atebrin — 

Cost of 15 tablets of atebrin at 13s. lid. per 100 

tablets . . . . . . . . , , . . 1 -97 

Cost of food at 0’34 shillings per da}' for 6 to 8 days . . 2*31 


Total 4-28 


The cost of plasmoquine simplex is 22 shillings per 500 tablets or 0‘66 
shilling per patient receiving 15 tablets, but this drug is needed as much for cases 
treated with quinine as it is for those on atebrin so that for the purposes of this 
comparison the cost cancels out. 

Thus the actual cost of treating a patient works out at 0-43 of a shilling 
more with atebrin than with quinine but it must be borne in mind that with 
the more expensive drug a whole day is saved, enabling 14 per cent, more cases 
to be treated with a given number of beds and also saving a definite amount of 
loss of labour to the employer. 


Summary. 

Various aspects of immunity in malaria are discussed with particular 
reference to the Report of the Malaria Commission of the League of Nations. The 
view that there exist strains of malaria parasite which vary in their virulence 
is endorsed ; but the principle that it is better not to begin treatment in sub- 
tertian malaria at once but to defer it, in order to encourage the development 
of an acquired immunity, is challenged on the ground that it is dangerous and 
impracticable. 

It is considered to be doubtful whether Europeans ever develop a useful 
immunity to sub-tertian malaria. 

The validity of conclusions drawn from clinical tests made in applying 
malaria therapy to para-syphilitics is questioned on the ground that these 
subjects are pathological. 

Evidence is put forward in support of the view that small doses of quinine 
(15 grains a day) are less efficacious than moderate ones (30 grains a day). 

Parallel series of cases were treated with atebrin and quinine. In some 
of the atebrin cases plasmoquine simplex or plasmoquine compound was given 
as well. 
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The length of time in hospital was a day less on atebrin than on quinine, 
but the time for the temperature to return to normal was slightly longer. There 
was not much difference in the rates at which parasites were eliminated from the 
peripheral blood by the two drugs. 

The incidence of crescents in all groups of cases was unusually high but 
in those cases in which plasmoquine was given they disappeared from the 
peripheral blood in 87^- per cent, as against figures of 20 per cent, with atebrin 
and 29 per cent, with quinine. 

Atebrin was used successfully in three cases of blackwater fever complicated 
by sub-tertian malaria; and in several cases where a haemolysis threatened, 
without that event occurring after the exhibition of the drug. 

Atebrin is cheaper in European practice than is quinine, and although in 
treating Africans in hospital it appears to be less economical to use atebrin, 
it would almost certainly prove to be cheaper in the long run and in any case its 
use would enable a given number of beds to be utilised by 14 per cent, more 
patients. 
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ON THE FACTORS THAT MAY DETERMINE THE INFECTIVITY 
OF A TRYPANOSOME TO TSETSE. 

BY 

H. LYNDHURST DUKE, O.B.E., M.D., Sc.D. 

From the Hitman Tri’panosomiast's Research Institute, Entebbe, Uganda. 


In a paper in these Transactions, Corson (1935) records a remarkable 
instance of the infectivity of a trypanosome to tsetse, 

A reedbuck was infected cyclically with a strain of Trypanosoma rhodesiense : 
some 3 weeks later a batch of about 120 clean Glosstna morstians was fed on the 
animal on two occasions, on the second of which 30 more clean flies were added. 
Of the 85 survivors dissected, 60 per cent, had infection of the salivary glands. 
A month later a second similar test was performed and of the 84 survivors 33 per 
cent, had infected glands. 

As a control to this last test a monkey was infected with the same strain of 
T. rhodesiense. The day after trypanosomes were first seen in the peripheral 
blood of this monkey a batch of clean flies was fed on it, the opportunity of feed- 
ing being repeated on the two succeeding days. Dissection of the 90 survivors 
revealed only one fly with an infected gland. 

It should be noted that the percentage of infected flies is in each case calcu- 
lated from the number of flies that survive until the end of the experiment, 
and not from the total originally fed on the animal. 

In his conclusions Corson inclines to the view that “ the special suitability 
of the reedbuck’s blood rather than a selective change in the trypanosomes ” 
affords the best explanation of the phenomenal infectivity of the trypanosomes 
to fly. 

It is not clear whether the individual or the species reedbuck is intended. 
Presumably, too, “ selective change in the trypanosome ” means a change in 
the transmissibility of the strain as a result of residence in the antelope, 

I feel that Corson’s paper calls for comment on the following two counts. 
First, a consideration of work which has already been done not only with the 



^04 


INFECTIVITY OF TRYPANOSOMES TO TSETSE. 


reedbuck but with other species of antelope may throw further light , on. the 
significance of his observations. Secondly, in arriving at his conclusions 
Corson has apparently overlooked the possible significance of Robertson’s 
work on the endogenous cycle of a trypanosome in the vertebrate host. In 
making these criticisms I do not wish in any way to disparage Corson’s remark- 
able achievement in demonstrating such a very high rate of infectivity. 

Evidence was obtained years ago in Uganda (Duke, 1912) which suggested 
that residence in antelope (bushbuck and reedbuck) resulted in an increased 
infectivity of a strain to tsetse. This enhancement of infectivity to tsetse was 
observed on two occasions ; and in each case the quality was demonstrated 
in trypanosomes obtained in monkeys that had been inoculated with an antelope’s 
blood, many months after its original infection. On the other hand recent 
work at Entebbe has shown that even in an antelope prolonged residence in 
one and the same host tends to weaken, suppress or even destroy altogether the 
power of a strain to infect fly. 

We now know that several species of antelope suffer no apparent incon- 
venience when infected with T. rJiodesieiise, whereas other species, such as the 
Uganda forest duiker and the dik-dik, die rapidly. 

At the commencement of an infection with T. rhodesiense in antelope, it 
is usual to find that the trypanosome is readily infective to tsetse. Reedbuck and 
bushbuck appear to be approximately equal in this respect ; the oribi is perhaps 
somewhat less suitable to this trypanosome, but the evidence is as yet very limited. 
Thus the blood of a young adult reedbuck 3J- months after its infection 
with a Tinde strain of T. rhodesiettse was readily infective to tsetse (8-2 per cent, 
infected G. vwrsitans in 472 dissected Duke, 1933). It is, however, significant 
to note how the percentage of infected flies varied on different days of the period 
during which the animal was under the test. The percentages were 10, 10, 
3, 5 and 20, these figures being calculated from the total number of flies dissected 
after the first week or so in each experiment. This reedbuck remained in perfect 
health for many months, during which time the infectivity of its trypanosomes 
to fly diminished, until some 10 months after the first test 454 flies were fed on 
the animal without a single one becoming infected (Duke, 1935). During 
the -same period all inoculations of the animal’s blood into monkeys were 
negative — altogether seven, of 10 c.c. each, between the 14th and the 26th 
months after the animal’s original infection. 

•Now in any discussion on the infectivity of trypanosomes to tsetse it will 
I think be admitted that one cannot afford altogether to ignore the possibility 
of the occurrence in the vertebrate of a cycle of development, the phases of 
which are definitely related to the behaviour of the trypanosome in the inter- 
mediate host. Robertson (1912) first called attention to this possibility. The 
essence of .her view is that the trypanosomes in the blood of the vertebrate host 
vary from day to day in their infectivity to tsetse. Although the existence of 
this endogenous cycle is -perhaps not yet proved— it is very difficult to obtain 
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absolute proof on this subject — the evidence that has accumidated since 
Robertson’s original vork in Uganda is on the whole confirmatory. ■ 

Let us consider Corson’s results in the light of this view. First, the 
monkey experiment cannot be regarded a real control. For one thing there is 
some doubt whether a tr 3 'panosomc in any given host attains its full power of 
developing in tsetse until a day or two after its first appearance in the peripheral 
blood.- Secondly, if the three days when the flies fed on the monkey happened 
to coincide with a “ negative period ” (semu Robertson) of the cycle of the 
trypanosome in the monkey, this accident would completely upset any com- 
parison. 

A better control to the reedbuck results would seem to be the passages 
of the strain b}”^ fly from dik-dik, in which the percentage of infected flies varied 
between 5 and 10. But here the dates in the schedule for the dik-dik passages 
(Corson, 1935) seem to show that the clean flies were put on each dik-dik 
not right at the commencement of each animal’s infection (as was done with the 
first test on the reedbuck) but several weeks later, by which time the trans- 
missibility of the trypanosome in the dik-dik might well have diminished from 
its original intensity. It will be seen that the infectivity percentage in. the second 
test on the reedbuck is considerably less than in that of the first. 

In a paper now in the press 1 submit figures which show the striking differ- 
ences between the infectivity to fly of a trypanosome in one and the same 
animal from day to day, evidence which seems to lend support to Robertson’s 
views. 

It is highly probable, from the ease with which trypanosomes are transmitted 
at Tinde, that the conditions there are on the whole more favourable to trans- 
mission than those obtaining at Entebbe. Still more so in Nigeria, where the 
cycle in the fly is shorter and the infectivity rate at times very high. Whether 
these differences are due to fly, climate or trypanosome or to'a combination of 
these factors cannot yet be determined, 

Lloyd in Nigeria (1930), using the incubator, obtained in a single experi- 
ment 86'6 per cent, infected flies : a repetition of the experiment under apparently 
identical physical conditions resulted in only 8 per cent, infected flies. Corson 
himself some years ago obtained a gland infection rate of 35 per cent, in a small 
batch of G. pallidipes. With such high potential infectivity the different phases 
of the endogenous cycle may produce relativel)'^ large differences. It is known 
that the balance may at times swing down to zero in a strain of relatively high 
infectivity. 

If we hold that the African big game are the true and original hosts of the 
trypanosomes of the brucei group in that Continent, it is to be expected that 
among the antelope will be found species that are admirably adapted to the 
requirements of these parasites. Investigation so far has confirmed this 
expectation. On the other hand, typical T, gambieyise, dependent on and con- 
sequently adapted to man for long ages, appears on the closer scrutiny devoted 
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to this subject in recent years to be less able to accommodate itself to 
antelope than T. rhodesiense and T. briicci. Doubtless much depends on the 
characters of individual strains. Corson concludes that the special suitability 
of the reedbuck’s blood affords the best explanation of his phenomenal figures. 
I believe he is right inasmuch as the blood of antelope affords optimal con- 
ditions to the trypanosomes of this species. But that the reedbuck is peculiar 
in this respect, I do not believe. In other species of tolerant antelope, f.r., 
species which do. not suffer any apparent inconvenience from the trypanosome, 
the same phenomenon will, in all probability, be found to occur. 

As to whether the trypanosome has undergone a selective change, I believe 
that in a tolerant species of antelope T. rhodesiense will manifest its maximum 
transmissibility : restore it to a sensitive host, i.e., one that succumbs rapidly 
to the trypanosome, and the transmissibility will diminish either at once or after 
a few passages in that species of animal. But even in the antelope, after a time, 
transmissibility will, I believe, diminish. This is at all events clearly indicated 
by my own experiments. It will therefore be of interest to learn whether the 
animal mentioned in this paper maintains anything like the high infectivity 
suggested by the two tests we have been considering. 
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.A. NOTE ON THE BEHAVIOUR OF BABOON AND MONITOR 
BLOOD IN TSETSE FLIES. 

BY 

H. LYNDHURST DUKE, OB.E., M.D., Sc.D. 

From the Human Trypanosomiasis Research Institute, Entebbe, Uganda. 


Some 15 years ago I noticed in the intestinal contents of Glossitia palpalis 
that had fed on the local species of baboon, Papio tcssellatus, large masses of 
light green coloured crystals. From time to time since then the employment 
of baboons as food animals for the fly has served as a reminder of this pheno- 
menon, which invariably folloivs the ingestion by the fly of baboon’s blood. 
The crystals persist for some days after the meal on the baboon. They are found 
especially in the light brown and green portions of the digested blood, after 
the corpuscles have been disintegrated. They may be detected after several 
intervening meals on monkey or fowl blood, neither of which of itself contributes 
to their formation. In such circumstances they are plainly surviving from the 
last meal of baboon blood, and will eventually disappear if the fly abstains from 
this diet. No other mammalian blood hitherto fed to the tsetse has been found 
to yield large masses of these crystals. Guineapigs, rats, antelope, cattle, sheep, 
goats, dogs, fowls and monkey (a mangabey and three other species) have all 
at one time or another served as food supply to the tsetse at this laboratory, 
but in no, instance have these crystals been found. 

In digested human blood a few crystals sometimes occur. In flies fed on 
the monitor lizard ( Varamis) crystals similar to some of the forms seen in digesting 
baboon blood are regularly present, but no record has been kept from which a 
detailed description can now be made. 

The main types are two in number : long cylindrical crystals shaped like 
a whetstone or a needle, and a shorter form, in outline apparently like the text 
book illustrations of Charcot- Leyden crystals, but round or oval in cross 
section. 

The long form may be blunt at the thicker end, tapering sometimes to a 
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point at the other extremity. Sometimes the thicker end carries a knob, or in 
the absence of the knob there may be a short peg projecting from the thick end 
of the cr}"stal, like one end of a rolling pin. Sometimes the crystal tapers at both 
ends, one of which may carry a knob. The other shorter form varies greatly 
in size. It is this latter form which is found in digesting human blood. As 
already stated, every Glossma palpalis that has fed on baboon blood shows 
enormous numbers of these crystals in its intestine. They are also of regular 
occurrence in flies fed on Varafius blood and, if memory serves me, on crocodile 
blood also. 

In baboon blood the length varies from 20 to 200 /i. The crystals also occur 
in other blood-sucking insects that have fed on baboon’s blood, having been 
seen, in the second form chiefly, in culicine mosquitoes, tabanids, Stonioxys 
and the bed bug. In all these insects digestion is slower than in tsetse, and the 
crystals, associated as they are with the later stages of digestion, take 72 hours or 
longer to appear. 

They occur also regularly and in enormous quantities in G. luorsitans 
after a feed on the baboon ; probably therefore in all species of tsetse in similar 
circumstances. 

. Now the baboon, as is well known, is immune against infection by natural 
means with the polymorphic trypanosomes. Lavier (1928), of the League of 
Nations Sleeping Sickness Commission, attempted by various means to break 
down its resistance, but all to no avail. Different methods of introducing 
the parasites have been tried ; heav^' subcutaneous and intraperitoneal injections 
and exposure to a number of cyclically infected tsetse ; similarly with Varantis. 
In Uganda all our attempts at infection of these two animals have failed, though 
Regendanz (1932) in Hamburg has succeeded in establishing a cerebro- 
spinal infection in the baboon without thereby infecting the blood stream. 

Both the baboon and the monitor are accessible to G. palpalis on Lake 
Victoria, the latter animal and the crocodile being a very important natural food 
supply of this fly. It was therefore thought expedient to determine whether 
the ingestion of baboon or Varanus blood had any inimical effect on the develop- 
ment within the tsetse of the polymorphic trypanosomes. Experiments carried 
out with this object gave no very definite results, although they did demonstrate 
clearly that the polymorphic trypanosomes, T. gambiense and its allies, could 
develop fully in flies whose sole nourishment for two or three weeks was either 
baboon or Varanus blood. 

A series of parallel experiments was carried out in which the flies in each 
of a pair of boxes, after their infecting feeds on the same animal at the same time, 
were nourished for the ensuing 2 or 3 weeks on Varanus blood and on clean 
monkey blood respectively. The number of infected flies in the Varanus series 
was 4 in 364 (1-09 per cent.) ; in the monkey series 10 in 328 (3*04 per cent.).. 

In another similar series of paired experiments in which the flies were 
jiourished on Varanus and fowl blood respectively, the figures were : for Varanus 
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blood, 13 infected flies in 407 dissected (3-1 per cent.), and for fowl blood 24 
in 404 (5 ’9 per cent.). The total percentage of infected flies in all those nourished 
on Varanus blood was 3-7 per cent. (19 infected in 507 dissected). 

It is doubtful whether these differences are really significant, and that any 
inhibitory effect is exerted on the trypanosomes by Faranus blood. 

With the baboon similar parallel experiments showed a still smaller 
disparity, and it is highl}'' improbable that any inhibitive effect is exerted by 
baboon blood on Trypanosoma gambioise or T. rhodcsimse developing in 
G. palpalis. 

In man’s blood in the tsetse, only the shorter form of the crj^stal has been 
obsen’^ed, and as a rule onl)'' rarely, sparsely and irregularly. Occasionally, 
however, they are fairly numerous, although never present in anything like 
the quantities or the size found in baboon’s blood. It would appear that the 
bloods of different individuals differ in the amount of crystals they yield during 
digestion in the fly ; some produce none at all. On the other hand the irregu- 
larity may be due to failure to examine the fly at the stage of digestion most 
favourable for the deposition from human blood. 

It is interesting to note that the crystals do not occur in the digesting blood 
of any of the four species of monkeys that have been tested. Of these the 
mangabey is relatively resistant to trypanosomes, though far less so than the 
baboon. Nor do they occur in tabanids or Stomoxys fed on ruminant blood. 

As to the nature of these crystals, no attempt has yet been made to 
study them beyond observing that they are insoluble in ether. It is remarkable 
that the two animals whose blood is richest in the substance responsible for these 
curious deposits are to all intents and purposes completely resistant to infection 
with the polymorphic trypanosomes by any normal route. 
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ANNOUNCEMENTS. 


OFFICERS OF THE SOCIETY. 

At the first meeting of the new Council, held at Manson House, on 
the 27th June, 1935, the following appointments were made : — 

Honorary Treasurer. 

Dr. Oswald Marriott was appointed Hon. Treasurer for the ensuing 
two years in place of Sir Arthur Bagshawe who had been elected President. 

Honorary Secretaries. 

Dr. C. M. Wenyon and Dr. N. Hamilton Fairley were re-elected Hon. 
Secretaries for the ensuing two years. 

Local Secretanes. 

Forty-four Local Secretaries were re-elected for a further term of two 
years. TTie following new Local Secretaries were appointed, subject to their 
acceptance of the Council’s invitation : Dr. R. Briercliffe, Ceylon ; Dr. 
Severo Mar, Mexico ; Dr. A. H. B. Pearce, Fiji ; Colonel J. A. Sinton. 
India -, Mr. R. Senior- White, India ; Dr. O. Van Stenis, Venezuela ; Dr, 
G. Fraser, Assam ; Dr. H. G. Earle, Central China ; Dr. H. D. Weatherhead, 
British West Indies ; Dr. L. J. Webb, Zanzibar. Dr. H. C. De Souza-Araujo 
was invited to represent the Society for the whole of Brazil instead of North 
Brazil only. 


OPENING MEETING OF THE NEXT SESSION. 

The opening meeting of the 29th Session will be held at Manson House, 
26, Portland Place, London, on Thursday, 17th October, 1935, when the new 
President, Sir Arthur Bagshawe, C.M.G., will deliver his Presidential Address. 


MANSON HOUSE FUND. 

Mrs. Alice Chalmers has given a further donation of ,£100 to .the 
Manson House Fund. 


PiusTto IN Great Britain by H. R. Grubb, Ltd., Crovdos. 
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Proceedings of the Opening Meeting of the Session held 
at Manson House, 26, Portland Place, London, W.l, 
on Thursday, 17th October, 1935, 

Sir Arthur Bagshawe, C.M.G., M.B., D.P.H., President, 

in the Chair. 
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PROBLEMS OF HEALTH AND DISEASE OF SOME SMALL 

TROPICAL ISLANDS. 

BY 

Sir ARTHUR G. BAGSHAWE, C.M.G., M.B., D.P.H.* 


I have long thought that interesting results would emerge from a study of 
disease in small tropical islands, especially those diseases which require for 
their spread an intermediate non-vertebrate host. Many such islands have, 
or had in the past, infrequent contact with other islands or the larger land masses 
and few of the inhabitants leave them in the course of their lives; there. is in fact 
little migration to and fro, so that clinical observations can be relied upon to give 
a picture of the diseases or parasites peculiar to the island in question. When 
therefore it fell to my lot to write a Presidential Address I collected a large 
number of references to malaria, filariasis, schistosomiasis, etc., in such islands. 
I found, however, that the available information was fragmentary, in fact so 
incomplete that to put it on paper would make dull reading, though it would 

* I wish to acknowledge the help in writing this address given me by my old 
colleagues at the Bureau of Hygiene and Tropical Diseases, especially Captain Sheppard 
and Miss Coventry. 
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form a useful collection of facts for a future survey. I have selected therefon 
for this address what seemed to me most interesting among my notes and thougl 
I cannot hope to say much that is new to you I hope to present my matter ir 
somewhat of a fresh aspect. 

Malaria. 

I begin with the Lesser Antilles and with a small island which is well- 
known and not remote, Barbados, which has lately come into the limelight owing 
to its invasion by malaria. 

Barbados (population, 167,000) is somewhat larger than the Isle of Wight 
and is highly cultivated ; it has been a British possession since 1625. The 
island is of coral and water disappears rapidly over the greater part of it except 
in the rains which fall from July to January. 

Within the memory of living man Barbados has been free from malaria but 
the reason was not apparent till Ross’s great discovery in 1897. In 1901 one of 
our Past Presidents, Dr. G. Carmichael Low (1901) reported that Anopheles 
could not be found on the island, a conclusion in which the entomologist 
Lefroy concurred ; Low noted the presence of a swamp 3 miles from Bridge- 
town, the capital, in which Culex was breeding. In a paper read at a meeting 
of the British Medical Association Low (1913) attributed the absence of 
anopheles to the island’s isolation (it is 78 miles east of St. Vincent, its nearest 
neighbour), the distance of the above-mentioned swamp from town and harbour, 
and to the fact that vessels lay in an open roadstead a mile from the shore. In 
the same year Malcolm Watson (1913) fresh from his experience in Malaya, 
visited the island and attributed the absence of anopheles to the want of suitable 
breeding grounds ; it has since appeared that he was not far from the truth. 

In 1927 a fever became epidemic in Barbados and nas soon recognized to 
be malaria. The first case ivas identified on 8th October. In November there 
were 250 cases under treatment and by 16th December the number rose to 
853, all except three of the eleven parishes being affected. In the next year, 
1928, there were 2,951 cases reported with 94 deaths ; in 1929 a smaller number, 
560 cases with 40 deaths (L. C. Hutson, 1930) ; and after 17th October, 1929, no 
further cases, so that the epidemic subsided after a period of two years. Similarly 
the bacteriologist reported in 1929 subtertian parasites in 170 out of 885 blood 
examinations and in 1930 no case of parasites contracted in Barbados. In 
the Anmtal Report of the Chief Medical Officer for 1931 it is stated that no anophe- 
line larvae had been found since January, 1930. If the dates given are correct 
it would appear that malarial transmission ceased 3 months before the larval 
forms of anopheles disappeared. 

At the outset Dr. Seagar (1928), Lecturer in Tropical Hygiene at the 
Imperial College of Agriculture, Trinidad, was called to the island and reported 
the presence of Plasmodium falciparum and over 1,000 cases of the disease. 
He identified Anopheles albimanus which he found to be breeding freely, 
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especially in 1io11o\ys in the fields holding water, with grass growing up from the 
bottom ;• these would be transient collections. From their distribution he 
concluded that the anopheles had been there many months ; they had probably 
been introduced by schooners carrying fruit, and here it may be noted that 
Hanschell (1928) on one occasion at Bridgetown found mosquitoes of unde- 
termined genus in the forepeak of a schooner. 

On the epidemic being reported in London a serious view was taken by 
the Colonial Advisory Medical and Sanitary Committee which pressed for the 
appointment of a special mission to deal with it. I’lie House of Assembly, 
however, was not prepared to find the funds, and thought that local action would 
be sufficient. Antilarval measures were indeed undertaken but there is divided 
authority in Barbados, the lay leaders were sceptical of the need for vigorous 
action, and much less was done than the experts thought necessary. How- 
ever, the disappearance of malaria was lasting. Some five years after the 
subsidence of the epidemic, Haslam stated that malaria and anopheles were 
absent. The mosquitoes had failed to make good their footing. Haslam (1935) 
writes — “ Both indigenous malaria and its conveying mosquito continue to 
absent themselves from Barbados. The continued absence of the anopheles, 
like its disappearance in 1930, must be attributed, along with many other 
advantages of this fortunate island, to the kindliness of Providence rather than 
to the sanitary efficiency of man. . . .” 

This, however, is not the whole story. T. W. M. Cameron (1929) has 
told us that there was malaria in Barbados at the end of the 18th century, and 
in perusing the annual medical reports for the island I find the follou ing interest- 
ing passage from the pen of J. Hutson (1914), Public Health Inspector : — 

“ It is probable that malarial fevers occurred here as late as the middle of the eighteenth 
century at any rate. Hillary, a pupil of Boerhaave, the celebrated Dutch physician, 
practised in the island from 1752 to 1758, and kept a careful monthly record of meteoro- 
logical conditions and the various epidemics that occurred . During these years he describes 
two or three outbreaks of malarial fever, and he says ‘ I must observe that intermitting 
fevers, especially quartans and tertians are very rarely or never seen in this island now, 
unless they are brought hither from some of the Leeward Islands, or some other places which 
are less cultivated, and not yet cleared of the woods ; though it is said that they were more 
frequent here before this island was cleared of its wood and cultivated.’ 

“ Hillary’s explanation of the gradual disappearance of malarial fever is probably 
correct, and a similar diminution of malaria resulting from cultivation has been seen in 
England and tropical countries, the haunts of the mosquito carriers of the disease being 
gradually abolished. 

“ The date of the last cases in Barbados is not known, and it is remarkable that the 
disease has never been re-introduced. It is interesting to observe that although the 
haunts of anophelines appear to have been destroyed by cultivation, there yet remain 
numerous collections of water, ponds, marshes, casual pools in the rainy season, which in 
other countries would be typical breeding places for anophelines, especially the permanent 
ponds more or less covered with water-lilies.” 

Hutson continues ; — ■ 

“ Re-introduction would appear to be inevitable. For generations past numerous 
small craft of from 50 to 100 tons have traded between Barbados and adjacent malarious 
covmtries and colonies, going up the Orinoco to Bolivar, or lying in the rivers of British, 



214 


PRESIDENTIAL ADDRESS. 


French, and Dutch Guiana, returning here with cargoes of firewood, charcoal, and such 
commodities, and discharging on the wharves of the inner harbour within the town. 
It is a matter of scientific interest to ascertain whether or not anophelines actually arrive in 
these vessels at Barbados. 

“ The experience at Khartoum has been that importations of anophelines by river 
boats and steamers, after mosquitos had been abolished in the town, was not infrequent. 
(Balfour).” 

I have consulted Hillary’s book (1766) and feel that I am insufficiently 
familiar with the description of malaria by the old writers to be sure of the 
accuracy of the diagnosis ; these old authors wrote a language which it is difficult 
for us moderns to understand. He writes for instance : — 

“ The weather continuing to be wet and cool, several were seized with an irregular, 
ingeminated [redoubled or repeated] , intermitting quotidian Fever ; which at the first 
generally put on the appearance of a continual remitting Fever, but in two or three Days’ 
time usually changed to an ingeminated Quotidian, with all the symptoms of that Fever, 
as usual in England.” After treatment which is described, “ the Fever was generally 
carried quite off by a critical Sweat on the Seventh or Ninth Day ; but in some few it came 
to intermit regularly after that time and then was soon cured by the Cortex Pertiv.” 

If it be accepted that this was malaria it would appear probable that malaria 
is not new to Barbados, and that under exceptional conditions A. albivianus or 
other anopheline vector can temporarily establish itself, though this event is 
infrequent. 

The subject of changes in the distribution of malaria, especially that of 
fresh invasions, is an interesting one and I propose to go a little further into it. 

Of the West Indies Hirsch (1883) writes : — 

“ Among the West Indian islands those chiefly affected by malarial sickness are Cuba, 
Jamaica, San Domingo, Guadeloupe, Dominica, Martinique, St. Lucia, Grenada, Tobago 
and Trinidad ; while others such as Antigua, St. Vincent and Barbados enjoy a relative 
immunity. ... In the Bahamas malarial fever is comparatively rare ; in the Bermuda 
group it is almost unknown.” 

Instances are given of malaria in the two last groups in the sixties and 
seventies. Cameron (1929) writes that malaria is now endemic in all the islands 
except Montserrat and St. Kitts. Of the three islands described by Hirsch as 
relatively immune,, in Antigua, according to McDonald (1922) there is no 
question now of such an immunity. In one year he saw 672 cases and he states 
that it has a very serious effect on the quantity and quality of the labour supply ; 
the predominant form is the subtertian. Here it would appear that conditions 
have altered since the period antecedent to Hirsch but whether an anopheline 
was introduced we have no means of knowing. In St. Vincent the 1933 report 
records 14 deaths from malaria, and an earlier report mentions 532 notifications, 
so that this island also cannot now be described as relatively immune. 

Hirsch gives an instance of the fresh appearance of malaria in the Dutch 
East Indies : — 

“ One of the islands of the Indian Archipelago, Amboina, had until the year 1835, 
enjoyed a remarkable immunity from malarial sickness, but in that year a severe epidemic 
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arose it is said in consequence of an earthquake that took place at the time, and since then 
the island has been a permanent seat of pernicious malarial fever and has consequently 
become one of the most unhealthy places in the East Indies.” 

I have been unable to get information of the present malarial state of 
Amboina. The Encyclopaedia Briiannica speaks of it as “ comparatively 
healthy.” 

The story of the introduction of malaria to Mauritius is well known. The 
island is believed to have been free from the disease till 1S65 when malaria 
became epidemic and in Port Louis itself out of 80,000 persons 22,000 perished 
in 13 months. It is assumed that Anopheles gambiae was introduced about that 
time. In any case this mosquito was later found there and later still (1923) a 
second malaria carrier, A.funesius (MacGregor, 1923), as well as A. maculipalpis 
a less efficient host. Whatever be the true histor}% malaria has since remained 
one of the chief problems of Mauritius (J. Balfour Kirk, 1934). 

Another instance of the introduction of malaria has recently been made 
known by Matthew (1931) and Hermitte (1931) in Aldabra, an outlier of the 
Seychelles in the Indian Ocean. 

There are four groups of coral islets which form dependencies of Seychelles ; 
the group in question is 630 miles S.W. of Mahe, the largest island of the Sey- 
chelles group, all of which have had the reputation of being malaria-free. 

In 1908 proved malaria occurred in Aldabra, an atoll with a long axis of 
24 miles and a short axis of 5 to 10, with a land rim averaging a mile in width ; 



Aldabra Island. 

Reproduced from L. C. D. Hermitte’s paper in the Records of the Malaria Survey 

of India, 1931, Vol 2. 

the permanent population appears to number 100 and the occupations are 
fishing and turtle catching. The outbreak followed the arrival of labourers 
from Nossi Be, Madagascar, and lasted 10 months ; 91 cases occurred in July 
and August. It was confined to the settlement on one of the four sections of 



rUESlDUNTlAL ADDUESS. 


‘2J(; 


the atoll. Search tvas made for anopheles, but without success, by Dr. Power 
and Mr. J. C. F. Fryer (1910), Shuttleworth Research Student of Caius 
College, Cambridge, and now of the Ministr)' of Agriculture, who was in that 
region studying coral formations. Fryer’s search lasted from October to January 
and he wrote ; — “ I feel confident it {Anopheles) does not exist on Aldabra.” 
He went so far as to suggest passive transmission b\' Sfegoinyia of which there 
was no lack. 

Alalaria was not heard of again in Aldabra till 1930. In July and ilugust 
of tliat year Hermitte in hlahe, the main island of the group, saw patients with 
fever from Aldabra and Assumption Islands (Assumption lies less than 50 miles 
away). Four of the Aldabra patients had crescents in their blood, so that the 
diagnosis was free from doubt. An employee was sent to collect larval and adult 
mosquitoes ; he despatched larvae which proved to be A. gambiae, and later 
adults were obtained. The mosquitoes were found to breed in rocky pools 
containing from one inch to two or more feet of rain-water ; failure to find 
larv’ae on Assumption Island was attributed to most of the pits being dry. On 
the second occasion then both the malarial parasite and the transmitter were 
demonstrated and the question arises whether anopheles uere there bet^^'een 
the epidemics, that is from 1908 to 1930, or were on each occasion introduced. 
Either explanation is credible. Apart from the fact that the atoll has a rich 
fauna of birds, large tortoises and wild goats on which the anopheles might exist, 
the permanent population is small and, given infrequent introduction of infected 
persons, anopheles might feed on the islanders for long periods without becoming 
infective. On the other hand both Aldabra and Assumption are sen'ed by 
steamers whose water arrangements are described as primitive, so that intro- 
duction of mosquitoes would not be difficult. Fryer’s failure to find A. gambiae 
in the dryer part of the year finds its counterpart in many areas of tropical 
Africa. 

Hermitte criticizes the measures taken to keep anopheles out of h'lalie. 
Cargo, he says, is discharged into lighters and conveyed in these to the customs 
shed on the pier which connects the shed with the town. After this, some 
24 hours later, the cargo is fumigated with sulphur in a shed with open eaves. 
Thus mosquitoes have more than a sporting chance of getting away. Probably 
this procedure has now been rectified but, since unintelligent methods of this 
kind are still met with, it seemed to me worthy of mention. 

Another instance of the recent introduction of malaria is that of Grand 
Comoro, a French island between the north of Madagascar and the mainland 
of Africa, described as a huge volcanic mass with an area of 1,200 square kilo- 
metres and a population of 75,000. There is abundant rain but the water runs 
through the porous soil ; rain-u^ater therefore is retained in cisterns. Prior to 
1924 all reports had said : — No malaria owing to absence of anopheles and 
lack of water. — Raynal (1928) visited the island to report on an epidemic which 
had raged for two years and was then subsiding. The epidemic was described 
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as “ grippe.” The mortality was 15 to 30 per cent. IUynal found all three 
t 3 'pes of malaria, subtertian being most frequent. He points out that malaria 
was not entirely new to the island for it has long e.visted at certain ports in 
communication with other islands of the group and Madagascar. 

Several causes arc suggested for the epidemic, the chief being that the 
enhanced price obtained for vanilla had at once brought infected persons from 
Reunion and produced such wealth that the owners called for more and more 
cisterns, in which the anopheles bred, for here, unfortunately, the possession of 
cisterns denotes a man of consequence. Another interesting suggestion is that the 
discontinuance of the Messageries Maritimes steamers had caused increase of 
the sea traffic by “ boutres,” or dhows as we should call them, which may have 
brought anopheles. At any rate malaria was unknown at the time of the French 
occupation (1886). The species of anopheles is not named. 

Here a few words may be said about another small island in the Indian 
Ocean, Rodrigues, 365 miles from Mauritius. All the conditions seem suited 
to anopheles, streams, swamps and marshy pools and a profusion of mosquitoes 
but no Anopheles. Their introduction would seem to have been prevented by 
the barrier reef which compels vessels to lie a mile from the shore. IMacGregor 
(1923) and Balfour Kirk with Andre (1933) have reported separately on this 
island. A proposal to build a jetty to enable vessels to discharge cargo without the 
intervention of lighters was rightly opposed by MacGregor as likely to bring 
to an end Rodrigues’s freedom from malaria. 

Two instances have been given in which Anopheles gambtac, that “ de.vterous 
colonizer ” as Colonel Alcock described it, has invaded islands. It has also 
performed the feat of crossing the Atlantic. 

In 1930 Shannon (1930) reported the presence of this mosquito on the 
American continent in Natal, the nearest port in South America to the continent 
of Africa and lying north of Pernambuco. Later Pinto (1931) confirmed this 
finding and described his investigations of the epidemic which followed in Natal, 
which is described as unprecedentedly severe. Of 172 mosquitoes dissected 
62-8 per cent, were infected and 30*2 per cent, had sporozoites in the salivar}'- 
glands. The mosquitoes were found also 182 kilometres away. Here A. gambiae 
must have been introduced either in the swift packets which cross weekly 
from Dakar to Port Natal, requiring only 4 days for the transit, or in 
aircraft ; the first alternative is favoured. Later Shannon (1932) returned to 
the subject and gave a description of forty-two Brazilian breeding grounds. 
These are found to consist of small shallow collections of seepage and surface 
springs usually fully exposed to the sun ; in ponds, streams and marsh waters 
anopheline larvae were found, but not A. gambiae. Shannon tells us that up 
to 1930 [?] aircraft had made the South Atlantic crossing on eight occasions, 
most of them starting from Dakar or its vicinity, and landing at Port Natal. 
It took Bert Hinkler, in 1931, 22 hours. 

The introduction of Anopheles gambiae to South America is a fact of practical 
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as well as zoological importance ; it is the first known case, Shannon writes, 
of a species of anopheles pertaining to one faunal region being introduced into 
another. He discusses how far A. gambiae is likely to spread in South America 
and expects its distribution to be patchy. It is, however, a very efficient malarial 
host, and since it is not restricted in its chances of breeding as in a small island 
and may firmly establish itself in the moister regions, the effect might be almost 
as harmful as its introduction to a non-malarial country. It is clear too that if 
A. gambiae can survive 4 days in a steamer or a shorter time in aircraft, can 
cross a width of ocean of 2,000 miles, and establish itself on the other side it is 
hard to set a limit to the possible extension of this dangerous species. 

One is inclined to speculate how long it will be before malaria appears in 
some of the South Sea Islands, now free. Buxton (1927) has indicated the 
limits in Melanesia of A. pimctulatus, the malaria carrier of the Pacific ; — 

“ South and east of the New Hebrides," he writes, “ anopheles is absent and no 
malaria occurs in the Loyalty Group, New Caledonia, Fiji or any part of Polynesia. One 
may summarize the matter by saying that Anopheles pwicudatus and malaria occur casttvard 
to 170° E. and southward to 20° S.” 

Lambert (1928), in discussing this subject, wonders why anophelines have 
not been carried on from the New Hebrides and Solomon Islands to the neigh- 
bouring islands of Fiji, New Caledonia and the Loyalties. In modern times, 
he says, for over one hundred years boats of all descriptions have passed freely 



South Western Pacific. 

The thickened lines of Latitude S. 20 and Longitude 170 E. represent approximately 
the southward and eastward limits of Malaria in the South Western Pacific. 
Reproduced from P. A. Buxton’s Researches in Polynesia and Melanesia. 

between these groups and in the old days the custom was to fill fresh water 
barrels from streams and springs near the beach for all vessels, which would 
seem an almost certain way of transferring anopheline larvae, but the fact is 
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that A. punctulaiiis has not been so transferred, or if it has been, it has not 
become established. 

Notwithstanding, it is necessar}- to keep a close watch as Brxrox emphasizes. 
After noting that an excellent example of a temporary breeding place for 
A. puncitilaius may be found at Vila, the port in the malarial New Hebrides, 
he writes : — 

“ It is to be remembered that not only the health l.■'f \'!!a is at stake. A. purxtulctus 
is not a specialist in its breeding places and it would easily establish itself in Fiji or Samoa 
especially as there are two swamps close to the quay at Su'ca, Fiji, and almost in the main 
street of Apia and Pago Pago, Samoa." 

There are on the other hand islands where an efneient malaria transmitter 
is found, human carriers are usually present hut no indigenous disease results. 
Such in the West Indies are the isles of St. Croix or Santa Cruz in the Virgin 
Isles, an American possession since 1917. and that of St. Barthelemy. a French 
island near the Virgin Isles group but administered from Guadeloupe. LouwrAN" 
(1929) tells us that .d. albimaiuis was found in St. Croix (population 11.000) in 
a careful sutwey by Lieut. Haa'ES, many infected Porto Ricans come in but the 
island is “ practically malaria-frce.” St. Barthelemy. T.\ra (1933) states, has a 
population of 2,384, almost entirely white. The predominant insect is A. albi- 
manits, and infected persons come in from Guadeloupe. Nevertheless, of 400 
children exarm'ned in two successive years only four had splenic enlargement, 
and when the author is called to a case of malaria it has nearly always been 
contracted in Guadeloupe. It seems improbable that there is any indigenous 
malaria. No doubt the absence could be explained if we knew all the tacts. 
One of the chief industries of St. Croix is stated to be cattle raising and it seems 
possible that the cattle provide blood for the anopheles, but A. albimaniis is a 
notorious transmitter (D.arlixg and others), its blood-thirstiness is generally 
remarked and it is described in the Canal Zone as semi-domesticated, occurring 
evervwvhere about houses and riilages. 

Filariasis. 

I started with Barbados, and will now add a few words about filariasis in 
that island though the facts are fairly well known. 

Barbados was formerly notorious for elephantiasis, as the name “ Barbados 
leg ” indicates. In an examination of the night blood of 600 persons from the 
hospital and private sources Low (1901) found 12-6 per cent, infected ■vrith 
Microfilaria bancrofii and 4-5 per cent, had pathological changes indicative of 
filarial disease. Of 100 Ciilex taken in the wards and corridors of the hospital, 
23 per cent, harboured filariae in various stages of development. So that at 
that date the percentage of filarial infection was high. Hutsox (1921) gives a 
table of admissions to the Barbados Hospital from 1900 to 1919-20 for elephanti- 
asis and filariasis. For the first 9 years the average admission figure was 27-6. 
Mosquito regulations were then made, a sanitary* inspector appointed and the 
average for the next 5 years was 22. The next step was superA'ision of the 
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inspectors, following which the figure over 7 years was 6-1. Whether there was 
any other possible explanation of the drop does not appear and here may be 
noted the tendency to attribute such improvement to measures of sanitation 
rather than to more natural if obscure causes. Siler (1915) attributed the 
decrease of elephantiasis to measures against Stcgomyia fasciaia initiated in 1908, 
the result of which again would be reduction of all domestic mosquitoes. What- 
ever be the reason manifestations of filariasis are now infrequent in Barbados. 
Haslam (1935) writes ; — “ Filariasis and filarial elephantiasis figure very incon- 
spicuously in medical experience in Barbados now-a-days.” 

Of another West Indian island, Grenada, Low (1913) said that with 
apparently ideal conditions of climate and intermediaries filarial infection was 
practically non-existent. And Macdonald (1917) stated that Culex fatigans was 
common, but filariasis "in an acute form ” was unknown ; no microfilariae were 
found in 1,000 blood smears. Later reports only confirm these obsen'ations. 

Rectal Schistosomiasis. 

An infection which is of particular interest in the West Indies is rectal 
schistosomiasis. 

Thanks to Drs. Cameron and Jones wc have a fairly complete account of 
this in the island of St. Kitts. St. Kitts is 68 square miles in extent, was settled 
in 1623 and from it the rest of the Leeward Islands were colonized. Cameron 
(1928, 1929) visited the island in 1928 and studied the schistosome infection 
reported by Jones. He found it to be restricted to the area of two permanent 
streams, as had been shown in 1923 by Muench, and made the important 
discovery that the infection is shared by monke 3 'S. These creatures, Ccrco- 
pithecus sabaeus, the West African green monkey, were introduced long ago as 
pets ; and during the French wars escaped to the mountains and multiplied 
greatly, living in packs. Five out of seven of these monkeys were infected rvith 
Schistosoma mansoni and one had a severe dysentery. 

It appears that the same monkey is found in Nevis, Grenada and Barbados, 
but fortunately S. mansoni is not present in these islands. One writes “ fortun- 
ately ” because the presence of this infection in wild animals renders it impossible, 
even if it were practicable, to clear the island by treatment of the human 
inhabitants. 

Since Cameron’s article I have seen no reference to his observations and 
I call attention to them because they seem of considerable interest and importance. 

Jones (1932) has reported one-fourth of the population of St. Kitts to be 
infected, but this appears to be an over estimate. He has found planorbids 
emitting bifid cercariae, probably Pla/iorbis gtiadeloupensh, and these would 
appear to be the mollusc hosts. 

Other West Indian islands in which rectal schistosomiasis is found are 
St. Martin, Antigua, Montserrat, Guadeloupe, Martinique and St. Lucia. 
Manson’s first patient (1902) is believed to have come from Antigua. The 
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infection seems to he quite common in the two hrencli islands, and it is by no 
means always manifested by symptoms. Thus Noc (1910) in Martinique found 
ova of S. mansoni in 07 out of 225 persons and in an orphanage in 02 out of 45. 
Lateral-spined eggs were first noticed in natives from Guadeloupe in 1906 , 
these were under treatment for dysentery in Martinique. Clement in Guade- 
loupe found 20 per cent, of 1928 stools to contain the ova and Marque has 
recorded the large proportion of 150 out of 223 boys and 93 of 159 girls as 
harbouring them — a total of no less than 64 per cent. There is no information 
about the snails in these French islands. 

There can be little doubt, says Stitt, that schistosomiasis was one of the 
diseases introduced from Africa with cargoes of slaves. Quoting Butler he 
Avrites : — “ It is reasonable to think that during 292 years of slave trade between 
1512 and 1804 er-ery type of disease that the continent of Africa might boast of 
Avas brought to the Vest Indies.” We must assume that the bladder infection 
AA'as also introduced but died out as did sleeping sickness for want of a suitab e 
intermediary host. 

Guinea- Worm. 


Another parasitic infection AA’hich came into the West Indies A\ith the 
African slaves Avas guinea-Avorm. Hirsch Avrites ; — 

“According to the unanimous opinion of the medical authorities j 

and the West Indies the dracunculus was imported into these countries of the i ev 3^ 
by negroes from the West Coast of Africa ; and it has almost disappeared again trom tnem 
excepting at one or two small centres since the importation of negroes has cease . 
of these centres is the island of Curaeao ... in which it is said there are sti cases 
dracontiasis occurring somewhat frequently among the native population. 

The reference given is Busk, Med. Times, 1846, May* and a nop is added 
that Pop, AATiting from Cura 9 ao in 1859, makes no mention of the disease. 

At first sight it seems remarkable that guinea-Avorm should have een 
reported in Cura 9 ao as late as the 40’s for the slaA^e trade came officially to an 
end early in the 19th century. HoAvever, Sir Harry Johnston states that, 
betAveen 1828 and 1878, 50,000 negroes Avere released from slave ships oft the 
West Coast of Africa by the British Navy. We may assume that at least as 
many slave ships got aAvay undetected, so that Africans may aacH have een 
receiA'^ed in the Dutch West Indies as late as 1845. 

When the supply of slaves ceased guinea-worm disappeared, for its inverte- 
brate host is absent. This is a sufficient explanation and one that shou serve 
for the absence of guinea-AAmrm from the Dutch East Indies also. HoAvever, it 
does not. Brug tells us that infected persons from India and Arabia lave een 
coming in for centuries and Cyclops leiickarti is present, but guinea-AAorm 
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infestation is very rare. Four imported cases have been described and one 
doubtful autochthonous case. In a laboratory experiment Brug infected C 3 'clops 
readily with larvae obtained from an Arab ; the infected crustaceans were fed 
to a gibbon which, when killed a year later, had a full-grown guinea-worm 
(67-5 cm.) in the left calf. There seems then to be no reason for the absence of 
human infestation provided that infected Cyclops get into the drinking water. 
The freedom of the archipelago from guinea-worm is in fact attributed to the 
preference of the inhabitants for running water for drinking, since in water of 
this type the crustacean host is not found ; and Roubaud is quoted as stating 
that where in French West Africa the natives drink running water guinea-worm 
cases are absent — a good instance of the effect of native custom in determining 
the presence or absence of a disease. 

In a book entitled “ A treatise of the diseases most frequent in the West Indies and herein 
more particidarly of those which occur in Barbados," by Richard Towns and dated 1726, 
that is over 200 years ago, I find ; — 

“ The countries where this Distemper is discovered, are very hot and sultry, liable to 
great Droughts ; and the Inhabitants make use of stagnatory corrupted Water, in which it is 
very probable that the ov'a of these Animalculae [guinea-worms] may be contained.” 

The Island of Saba. 

Exercising the President’s privilege to discuss what he likes I now leave 
the subject of disease and turn to a very interesting example of acclimatization 
of the white race in the tropics. There is a small island not far from St. Kitts 
in which white people have maintained not only purity of race but also their 
physical and mental vigour for 250 years and only now by force of circumstances 
are being crowded out by their black neighbours. Price (1934) has written a 
valuable paper on the subject and I draw extensively from him. 

The Dutch island of Saba, lying between the Virgin Isles and St. Kitts, is 
described by Price as a young volcanic island, some 5 square miles in area, 
fertile and verdure-clad, rising in a tangle of rugged hills to a peak of 2,887 feet. 

The history of its colonization is obscure, but it appears to have been 
settled from the neighbouring island Statia before the middle of the 17th century 
by private persons under concessions from the Dutch West Indian Company. 
Saba is of special interest for us because the British captured it in 1665, and with 
one interruption held it till 1680, and it is still English-speaking. In 1665 there 
were 87 Hollanders, and 54 English, Scots and Irish, with 85 negroes and 
Indians, and the records state that the defeated Dutch settlers were sent to the 
island of St. Martin, so that the whites from that date hailed chiefly from the 
British Isles. 

The island is not easy of access, there are two regular landings where loads 
are carried up rugged paths, one of which is called “ Ladder,” by men and 
donkeys to the lowest and principal settlement named “ Bottom ” at 800 feet. 
The donke)'s are unpopular because they are the cause of unemployment. The 
total population is given as 1,447 persons, but according to the Encyclopaedia 
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Britannicaitwzs, in 1911, 2,387. The people are mixed, white and black, but 
one cliff village, at 1,660 feet, of 231 persons is almost entirely white. Inbreeding 
among the whites is considerable for there is no intermarriage with the blacks. 
The extent of it is indicated by the record that there are now 292 Hassells, 149 
Johnsons, 95 Simmonses, 58 Sagors and 52 Everys ; the name Hassell first 
appears in the records in 1672, that of Simmons in 1687. But inbreeding has 



Saba Island. 

(From U.S. Hydrographic Office, Chart No. 1011, 1914), reproduced from 
A. Grenfell Price’s paper in The Geographical Revieiv, 1934 , Vol. 24 . 

not destroyed fertility, stamina or ability. Families of eight or more children 
were common in the 19th century. The white Sabans are agriculturalists, and 
sturdy workers, carrying loads up gradients which no donkey could manage. 
As to ability it is stated that during the Great War no Jess than 95 officers and 
one quartermaster of the United States Navy were Saban born, surely a remarkable 
record for such a small island. In only one isolated village of 30 to 40 persons 
IS there evidence of degeneracy. The purity of the race is an uncontested fact. 
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The women are said to be the handsomest of the West Indians and to bo dis- 
tinguished by their slimness and fresh colour — so the Encyclopaedia, but Price 
tells us that the health of the women is much inferior to that of the men because 
from the traditions of the slave days they cannot work in tlie fields, nor become 
housekeepers, nurses or domestic ser\’ants ; they spend their time indoors 
making Spanish lace. Price was favourably impressed with the white school 
children who were alert, well-dressed and clean. Writing of the cliff villages 
which are mainly white Price says : — 

“ The cliff villages are picturesque, clean, and well kept, like most of those in the 
Dutch possessions. The prettj' little wooden houses are for the most part painted white, 
with green or brown shutters and red roofs. They average four or fi%'e small rooms but 
often contain as many as eight or nine. The Sabans use very substantial frames of hard 
wood set in firm foundations. They reinforce their buildings wherever possible and guard 
all windows with solid wooden shutters as protection against hurricanes. A'lost of the 
houses stand in small plots, which are kept spotlessly clean and are often cemented and 
which, like the narrow, winding, but well kept streets, are bounded by stone walls. These 
last, when of cut stone or fine masonry, usually date back to the slave days. From most 
roofs wooden gutters carry the water to one or more cisterns, though some cisterns are 
supplied from the concrete yards that surround the greater number of the houses. These 
reserv'oirs are of immense value. There are more than 230 of them in Saba, and shares 
in them pass by will. Nearly all the houses of the whites have pit privies, which seem fairly 
satisfactory.” 

The climate of Saba is tropical. 'Phe temperature at Bottom ranges between 
71° and 80° F. ; the rainfall is from 1,000 to 1,200 millimetres. There is no 
malaria and “ few filarial or other tropical affections ” and there is no trace of 
hookworm. Many white Sabans live to a great age. Price points to the great 
disproportion between the women and men — the census of 1932 showed 342 
men, 655 women, 233 boys and 219 girls ; that is of the adults counted 65 per 
cent, were female, and 34 per cent. male. But the disproportion is explained by 
the enterprise of the young men. They go abroad to increase the family resources 
and spend only brief periods in the island, which leads to what Price calls 
” economic birth control.” 

Between 1860 and 1920 two blows ruined the white settlers. The first was 
the emancipation of 700 Saban slaves, after which production became difficult 
and the price of labour rose. The second blow' was the change from sails to 
steam. Most of the energetic young men were drawn away to New’ York and 
other centres where they secured positions as commanders and officers of 
steamers. Thus the island lost her slaves, schooners and vigorous young people, 
so that the white population to-day consists largely of aged persons. Moreover, 
Saba is clearly turning coloured as are almost all the islands and borderlands of 
the Caribbean. White settlers cannot compete with prolific negro families in 
w'hich men, women and children are all w'orkers and prepared to accept a lower 
standard of life than the white. Scientific medicine is hastening the process by 
improving the vital statistics of coloured people. At present white and coloured 
are in about equal numbers. 

The conclusion reached by Price from his survey is that cold-temperate- 
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zone whites can retain a fair standard for generations in the trade-wind tropics 
if the location is free from the worst forms of tropical disease and if the economic 
return is adequate and the community prepared to undertake hard physical 
work, but eventually such a community will fail before the economic competition 
of a coloured people. 

It seems a sad pity that such a race should disappear, or at least be scattered. 
The negro’s “ disregard of .sanitation, his rnkserable cabins, his dirt and careless- 
ness and his neglect of the good ‘ white ’ houses he so frequently occupies in 
Bottom ” contrast sadl}^ with the standards of the people he is supplanting. 
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I. Introduction. 

The desirability of conducting a brief investigation into the health condi- 
tions of certain of tlie nomadic and semi-nomadic tribes of the area lying to the 
East of the Jordan valley, arose from obsen-ations made by the Officer Command- 
ing Desert Patrol and from repeated reference regarding their unsatisfactory 
state of health in the various annual reports of the Department of Health of the 
Trans-Jordan Government. 

It appeared that in recent years a combination of circumstances including 
the prohibition of raiding, droughts, a diminished demand for camel transport, 
their increased Amlnerability to raids from without the territory (now happily 
stopped), and the depressed economic situation generall}'- has tended to lower 
considerably their standard of living to a borderline condition, and that in 
consequence certain diseases were finding suitable conditions for spread in a 
soil of diminished resistance. 

Special reference was made to the problem of tuberculosis, a disease whose 
activities are strengthened by depressed economic factors and, though definite 
figures were not available, the opinion expressed was that this disease was 
assuming formidable proportions in the casualty rate. 

II. Method and Scope of Investigation. 

The restless character of these tribes, their continuous peregrinations, 
their scattered camps and their singular custom of establishing these camps 

*This paper is published by permission of the Director of Medical Services, Palestine. 
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in situations inaccessible to motor transport all combined to provide difficulties 
in establishing contact. 

Medical investigations carried out under field conditions are naturally 
hampered and limited in scope, but these people would succeed in baffling 
and perplexing the most experienced field workers. After some experience 
it was found most convenient with each tribe to establish camp in the first 
instance at the largest accessible settlement : this proved frequently to accom- 
modate the leading sheikh, w'hose influence could be used to assist in the 
investigation. From this central camp excursions could be made by lorry 
to other sections or smaller groups, while if a sufficiently large community was 
discovered, the central camp itself was moved there. In this manner the 
investigation was extended to include various sub-sections of the tribes which 
allowed for a more widespread selection of statistics. 

A certain amount of propaganda work and explanation was always found 
necessary to commence with. These people are shy, but at the same time 
proud and independent, and consequently many of them were reluctant to 
present themselves for examination unless they had some definite complaint. 
The women also were particularly reserv'ed, and infinite patience was required 
before they could be persuaded to agree to examination. Generally speaking, 
however, it tvas found that after a day’s work confidence was restored and men 
came up willingly enough, but women always presented difficulty. 

In all cases a fairly thorough clinical examination was made and blood 
examinations carried out for malaria and anaemia. In other diseases such as 
tuberculosis and syphilis, specimens of sputum and blood were taken for the 
necessary laboratory investigations. The intradermal tuberculin (Mantoux) 
test was also carried out on a number of children. Records were kept only 
in cases where a full examination was made, though numerous other cases were 
seen and treated. A supply of drugs and dressings was made available for those 
requiring treatment, and cases requiring prolonged courses of treatment were 
referred to the medical officer at the nearest medical centre. 

Attention was also paid to habits and customs affecting health, and an 
effort w'as made to ascertain the average food consumption of individuals. 

True statistics cannot be made available, as the population of the various 
tribes concerned is unknown. Indeed it was very difficult to obtain even 
approximate population figures, and various observers ventured estimates 
differing by many thousands. 

III. Tribes concerned in the Investig.ation. 

Time was limited, and the investigation was confined to examining a sample 
number from three large nomadic and semi-nomadic tribes — the Howaitat, 
Beni Sakhr and Beni Hassan. A short investigation was also made amongst a 
section of the Sirhaan. 
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The history of these tribes is vague and indefinite and relies mainly on 
traditional accounts. 

(1) The Hozoaitat would appear to have occupied the Southern part of 
Trans-Jordan for several centuries and it has been conjectured that they may 
be descendants of the Nabataeans who held the caravan road to Yemen and had 
their capital at Petra ; in which case their association with tlie countr}’^ is an 
ancient one. They are now a semi-nomadic tribe with a probable population 
of about 10,000, whose fortunes have declined in the last decade from causes 
alread}’^ referred to early in this report. 

(2) The Belli SakJir probably had their origin in the Hijaz and are said 
to be descended from one of its most powerful tribes, Harb. They migrated 
north probably several hundred years ago. Their history affords every indica- 
tion that they were a powerful fighting tribe. Latterly, they have taken some 
interest in agriculture and own lands in the Balkaa district. They number 
probably about 12,000. 

(3) The Beni Ilassan also originalh’^ came from Hijaz and have been in 
Trans-Jordan between two and three hundred years. They are now no longer 
nomadic and are more or less settled in the Zerka River area where they cultivate 
extensively. Their population which is estimated at about 14,000 is said to 
have greatly decreased in recent years through drought and famine. 

(4) The Sirhaan were known as a powerful tribe of the Hauran in the latter 
half of the sixteenth century, but owing to internal strife leading to desertion 
of some of their sections, they were driven out and settled for some time in 
the Wadi Sirhaan area. Pressure again forced them to move and their wanderings 
included various parts of Trans- Jordan and Palestine for many years. The 
tribe was settled by the Turks some years before the War where they were given 
land to cultivate west of the railway between Deraa and Mafraq. In 1925 
they were heavily raided and lost a great deal of their flocks and property. 
They are still semi-nomadic but are poor and depressed ; and they now number 
about 1,500. 

(5) It is generally admitted that recent years have seen a decline in the 
prosperity of the various tribes under review, and that in some instances 
conditions have sunk to levels bordering on complete destitution and starvation. 
In the writer’s brief experience among them, evidence corroborating these 
surmises was not far to seek, and can be backed by figures which are recorded 
later on in this report. That health conditions have deteriorated in consequence 
cannot definitely be proved by actual figures since no previous medical statistics 
are available, but it is indisputable that such depressed conditions lower resistance 
to disease generally, and to certain diseases in particular, of which mention will 
be made under their respective sections. 

More intimate contact with civilisation is not an unmixed blessing. While 
certain benefits, such as education and to some extent health, are put within the 
reach of these people, the many evils they absorb outweigh the advantages. 
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Socially they cannot compete with the more sophisticated, nor would they 
desire to do so unless they were forced into it by circumstances. The internal 
combustion engine is rapidly replacing their “ ships of the desert " ; their 
traditional occupations of raiding and fighting are no more ; they are more 
directly exposed to certain diseases notoriously associated with civilisation, 
such as tuberculosis and syphilis ; contact with town life, politics, cinemas etc. 
are undermining tribal discipline, and many of the younger people will eventually 
become detribalised and derelict. They are being relegated to a particularly 
uncertain agricultural future, while they never were and probably never will 
be really good agriculturists, at all events not good enough to compete with their 
village neighbours who have been engaged in such work for generations. 

The sentimental side of their life is disappearing and their proverbial 
hospitality and chivalry will disappear with it. 

IV. Habits, Customs and Other Conditions Affecting Health. 

A few brief notes regarding certain customs and habits of the tribes and 
other factors affecting their health conditions seem relevant to this report. 
It is unfortunate that it is chiefly the bad habits and customs which come under 
review, for they have many pleasant customs and habits worthy of note but not 
concerned with health. 

(1) Sanitary Conditions . — Little or no attention is paid to sanitation and the 
simple principles of hygiene are not understood. The sanitary accommodation 
provided by the wide open spaces is, however, probably the most suitable 
for these people. Adults usually relieve themselves at some considerable 
distance from the camp, sunlight and the dry soil assisting in sterilising the 
dejecta. On the other hand, the young children do not respect the claims of 
modesty and exercise their functions at any convenient spot within the camp. 
Consequently considerable human contamination exists, especially if the tribe 
has been stationary for any length of time. Animal contamination is, of course, 
always present in and around the tents. The frequency of tribal movements 
is the saving grace and on that account gross insanitary conditions seldom 
develop. 

The effect of these sanitary deficiencies is probably reflected to a consider- 
able extent in the frequent outbreaks of enteritis, particularly among children, 
which contribute considerably to the high morbidity and mortality rates. 
Intestinal worms are naturally unrestricted in their activities. 

(2) Contact with Animals . — All the tribes live in close contact with their 
animals. Camels, goats, sheep, horses, donkeys, dogs and fouls have the 
freedom of the camp and many of them share the sleeping quarters of their 
owners. It is indeed fortunate that these animals harbour so few diseases 
known to be communicable to man. Ascaris infection is prevalent and it yet 
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remains to be proved wlicther tuberculosis is a disease of goats and camels. 
Outbreaks of rabies are always a possibility. The constant inhalation and 
ingestion of dried mixed manure together with its effect on the eyes must, 
however, be somewhat debilitating. 

(3) Spitting . — The habit of promiscuous spitting is universal and is 
practised by all members of the community from young children upwards. 
From the point of view of the individual it is probabl}'’ more in the interest 
of his own health to deposit the purulent e.xudates from his respiratory passages 
on the ground rather than to swallow them : that others may suffer in conse- 
quence does not enter into his philosophy. There can be no doubt that various 
respiratory infections are spread by spitting and that the increase of tuberculosis 
is in great measure accelerated in this way, 

(4) Communal Feeding . — ^An important factor in the spread of infectious 
or contagious diseases is the habit of communal feeding so prevalent among 
the tribes. The one large food receptacle serves successive sittings of guests 
and relatives, and the coffee cups and tea glasses continuously move round 
from mouth to moutli, not infrequently encountering a subject ejecting 
thousands of tubercle bacilli daily. The utensils can never be clean and the 
fact that the floor of the tent serves as the table, allows for gross contamina- 
tion of the food from dust and manure of every description. 

The conditions under which food is prepared and its mode of preparation 
beggar description. 

(5) Cleanliness . — Water has been from time immemorial a precious com- 
modity, and it might be expected that its use for the purposes of lavage is not 
encouraged to any extent. Bodily cleanliness is not a feature among the tribes, 
though they appeared cleaner than many villagers seen by the writer. The dirt 
of the desert is, however, probably cleaner than the dirt of towns and villages 
and its relationship with disease is not so close in the former instance. The 
majority carry lice, the vectors of typhus, and outbreaks of typhus are not 
infrequent among them. 

(6) Clothing . — The clothing cannot, of course, be clean, and its quality 
varies with the individual and his social standing. Generally speaking it may 
be remarked that those who can afford it wear far too many clothes. Many 
on the other hand were underclad from reasons of poverty. 

(7) Kissing . — Kissing is a common form of salutation among all ages and 
sexes, and coupled with this may be mentioned the unpleasant habit prevalent 
among mothers of removing with their clothing the nasal and ocular exudates 
of their children. The spread of respiratory and eye conditions is undoubtedly 
enhanced in this manner. 

(8) The Hair . — The hair is worn long in both sexes and is invariably 
infested with lice {Fediculus himanus capitis). These often cause irritation 
of the scalp, frequently leading to gross septic infection. The posterior cervical 
glands are commonly enlarged from these infections. A curious custom whereby 
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the urine of camels was universally applied as a hair strengthener and restorer 
was noticed in one of the tribes examined. Its effect on the grouth of the hair 
was not ascertained, but it seemed to inhibit to some degree louse infestation. 

(9) Housing Conditions. — The custom of living in tents cannot be pre- 
judicial to health during the dry season, and is infinitely preferable to living 
in many village houses. The requirements of ventilation and lighting are 
undoubtedly complied with. Unfortunately many of the poorer type tents 
are quite incapable of resisting the elements during the winter and the occupants 
must necessarily suffer from exposure. The overcrowding, animal and human, 
which exists in the majority of tents, especially at night, is deplorable. 

(10) Tribal Medicine. — Little information was obtained regarding tribal • 
medicine, but it would appear that it does not exist to any great extent and cannot 
compare in magnitude with that of the African witchdoctor. Certain herbs 
are apparently used to a limited extent, and oily substances such as olive oil 
and semiieh (butter). The latter is frequently used boiling to sterilise wounds. 

Cauterization is universally and extensively employed for every ache and 
pain experienced. It is most heroic in its mode of application, and severe 
burning of second and even third degree was frequently noticed. It was the 
exception to find an individual who did not exhibit scarring of cauterization, 
and in one or two instances the area of scarring appeared to exceed that of 
normal skin. There can be no doubt that this art is practised to excess and 
that frequently severe sepsis results. 

The treatment of syphilis by mercury vapour has apparently been in vogue 
for many years. The subject is exposed on successive occasions to prolonged 
contact with mercury vapour in a small tent until he becomes thoroughly 
mercurialised. Records of complete cure are reported and the writer was able 
to demonstrate negative Wassermann reactions in individuals treated in this 
way onl)^, who from their history and healed lesions must assuredly have had 
syphilis. The toxic effects of this treatment were not reported, but much can be 
left to the imagination. 

(11) Water Supplies. — Except where rivers exist water supplies are limited 
and scanty. They vary very much according to the locality and the season 
of the year. Springs, wells and cisterns were the main sources seen and generally 
speaking the water appeared fairly satisfactorj'. In many instances water has to 
be carried long distances ; and this naturally tends to restrict its use for washing 
purposes. 

(12) Climatic Cojiditions. — With the exception of the Jordan Valley, the 
country enjoys a good climate. The relative humidity is low, and the extremes 
of temperature not unduly trying. 

Certain of the nomadic tribes in their migrations escape the worst of the 
winter which is probably somewhat severe on tent dwellers. The poorer classes 
with miserable tents and limited clothing must suffer considerably from exposure 
during the colder months, and pneumonia is reported to be a frequent cause of 
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death at that time. The high day temperatures of summer are compensated 
for by comparatively pleasant nights. The Jon- rainfall is the most important 
feature and, while it mayhave little direct influence on the health of the individual, 
it has its repercussions on the health of the community indirectly by producing 
poverty, distress and hunger. 

It is not proposed here to give meteorological data which in any case could 
not be applied accurately for nomadic peoples. 

Diet and Xutkitiox, 

The food supplies of the Bedouin have no doubt been an uncertain pro- 
position from the dawn of their history. Methods of replenishing depleted 
larders were formerly, however, more numerous than they are in these days 
of law and order, and it is unlikely that famine conditions were permitted for 
any length of time. 

The last few years of drought have wrought havoc \vith their meagre 
agricultural efforts which even normally are barely sufficient to keep body and 
soul together. An enquiry' into their present food supplies revealed a state of 
affairs pitiable in the extreme, and there can be no doubt that many from the 
poorer sections are on the verge of starvation. Probably numbers have already 
died from starvation or from conditions accelerated by it. This statement 
applies to all the tribes under review (probably in lesser degree to the Beni 
Hassan who have recently been in receipt of organised relief), but particularly 
to the small section of the Sirhaan. 

During the course of the investigation individuals were closely questioned 
regarding the nature and quantity of their food supply, and from the information 
received a rough estimation may be made of its deficiencies. Its main constituent 
is khttbs (Arabic unleavened bread), and among the poorer classes who are 
in the majority it would appear to be the only constituent for the greater part 
of the year. For those who possess goats and camels, milk products such as 
semneh and lebhaii may be available in small quantities for a short season during 
the year. Olives may be consumed to some e.vtent during their season and small 
quantities of grapes, figs, melon, dates and tomatoes, etc., are also seasonal 
products for the few who can afford them. Meat is available onty on special 
occasions or when guests are being entertained, and as the animal slaughtered 
has to provide for numerous successive sittings of the tribe the amount consumed 
is negligible. Coffee and tea are usually available, the latter having some food 
value from the amount of sugar added to it. 

A great majority of those examined were, however, living on bread and bread 
alone, anything else being considered a luxury. Further, many were existing 
on very small quantities of bread averaging perhaps between 400 and 500 
grammes daily. The food value of this commodity which has been worked 
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out by Wilson for the Egyptian prison authorities in drawing up a prison diet 
is expressed as follows ; — 

Grammes 

Gross protein per 100 grammes . . . . . . . . . . 6-7 

Available protein per 100 grammes . . . . . . . . 5-0 

Biological value of available protein . , . . . . . . 2-0 

Available fat per 100 grammes (gross less 5 per cent.) . , . . 0-95 

Available carbohydrate per 100 grammes (gross less 5 per cent.) 47-5 

Gross calories per 100 grammes, 242. 

Available calories per 100 grammes, 224. 

The vitamin content is not stated, but it probably contains small amounts 
of and Bg. 

An adult consuming between 400 and 500 grammes daily would, therefore, 
receive about 1 ,000 calories or about a third of what is considered to be the average 
dietetic requirements of the individual. 

Further, this particular bread is neither palatable nor easily digestible, 
nor does it contain the main dietetic requirements, protein, fat and carbohydrate, 
in the proportions required for a balanced diet. The diet may be said to be 
grossly insufficient in quantity, to be deficient in mineral salts and vitamins, 
to be lacking in both energy value and biological value and to be improperly 
balanced. Granted that at certain seasons of the year, some fruit and milk 
may be available, the quantities are negligible and can have little influence 
on the value of the diet as a whole. 

From these obsen'ations, it can be confidently assumed that the majority 
of these people are suffering from malnutrition, have a lowered resistance to 
disease generally, are the potential subjects of a group of deficiency diseases, 
and are incapable of sustained labour. 

' Much has been written in recent years about the diet of the African native 
and its deficiencies, and attempts have already been made by various Colonial 
Governments to improve it. In the opinion of the writer who has had personal 
experience of various East African dependencies, the diet of even the poorer 
African tribes is infinitely superior in quantity and quality to that of the 
Bedouin. 

A rough classification of their nutritional condition was made during 
the investigation, those examined being divided into categories of good, fair and 
poor. It was obviously impossible to carrj^ out height-weight ratios, and the 
classification did not aim at scientific accuracy, but consideration was given to 
development, muscle tone, etc. This was coupled with an estimation of anaemia, 
through haemoglobin tests carried out with a Tallqvist haemoglobin book. 
The results are shown in the appendices on pp. 245 to 248. It will be seen 
that out of 1,030 people examined only 164 or about 16 per cent, could claim 
to be well nourished, while 348 or about 33 per cent, were definitely poor. Many 
of the latter provided examples of extreme emaciation. Of the good groups 
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it will be noted that the majority are in the neighbourhood of the ages 20 to 40, 
and on enquiry it was frequently found that many of these had been away at 
work of various kinds and had been consequently in a position to provide 
themselves with more adequate rations. 

VI. Anaemia. 

The majority exhibited various degrees of anaemia and it was only in 
ver}’ rare instances that an individual approached the normal (100 per cent.). 
From a study of results shown in the appendices it will be seen that the average 
taken all over is between 60 and 70 per cent. 

It was observed that this anaemia is not associated with any particular 
disease, though natural!}' those suffering from malaria and other blood destroying 
diseases must claim a share in it. It was a noteworthy feature throughout the 
whole community irrespective of disease. There can be no doubt but that it is 
due mainly to deficiency in a diet which has already been shown to be lacking 
in blood forming elements. The degree of anaemia is fairly constant throughout 
the tribes with the exception of the Sirhaan who show a lower figure, probably 
attributable to the high incidence of malaria among them. 

Vn. Principal Diseases. 

Diagnosis in the field is handicapped by many factors, not least being the 
extraordinar}" difficult}' of obtaining from the individual information regarding 
the histor}' of his condition. Every query is met by vague and evasive replies, 
or by long-winded laborious statements usually entirely irrelevant. The 
same remarks apply in seeking information regarding family histories, death 
rates in families, etc. The medical officer is consequently left to his own 
resources and has to base his findings on the clinical manifestations of a single 
examination. As a result correct diagnosis is possible only in the very’- obvious 
conditions, which constitute but a small proportion of the actual diseases 
e.xisting. In this investigation, records were made only where there could be 
little doubt about the diagnosis, and much that was of medical interest had to be 
omitted. The figures submitted therefore do not by any means represent 
the actual incidence of disease. 

(1) Ttiberadosis . — Diagnosis in this disease had to be made principally 
on history and clinical findings. Fortunately the Bedouin are very clear on the 
question of an important feature of this disease namely haemoptysis. They 
apparently realise its significance, and give decided and definite replies to requests 
for information on this point. 

The main features of the pulmonary variety of this disease are, with certain 
modifications, similar to those found elsewhere, and need not be elaborated 
here. The figures provided show only those cases in which a combination 
of symptoms and physical signs left no doubt as to the diagnosis in the mind 
of the examiner. As a result, the figures probably represent the more advanced 
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cases of the disease, and manj' of the early or suspected cases are not included. 
Regarding the extra-pulmonary variety, the same remarks apply and only the 
obvious lesions are included. 

It will be seen from the summar}'^ that the figures point to a particularly 
high incidence of this disease among the tribes. For example, taking the 
pulmonary variety : out of 356 Howeitat examined, 52 or 14-6 per cent, were 
affected ; from 317 Beni Sakhr, 48 or 15-1 per cent.; from 273 Beni Hassan, 
22 or 8 per cent, and from 84 Sirhaan, 13 or 15-4 per cent. The number of 
Sirhaan examined, 84, is too small to be of any statistical value, but the figures 
show that the incidence of the disease is probably fairly high among them. 
The non-pulmonary variety is distributed fairly evenly among the tribes. 

Regarding the sexual distribution of pulmonary tuberculosis, out of 773 
men examined 92 or 11-9 per cent, and out of 257 women 43 or 16-7 per cent, 
were affected, a considerable difference w'hich, from the information obtained, 
may be due in some measure to the strain of successive pregnancies at an early 
age amongst the under-nourished. 

While the well known clinical varieties of tuberculosis were recognised, 
it would appear that the disease is more acute and runs a more rapid course 
than that of Western Europe. This seems to be the opinion of the majority 
of medical officers in Trans-Jordan, who frequently see cases of this disease 
at the various medical centres in the country. They describe in many instances 
a rapidly progressive condition with a fatal termination, corresponding to the 
infantile t3^pe in Europe. It is unfortunate that there are no figures available 
for death rates due to this disease among the tribes, but from the evidence of 
this investigation and the high incidence observed, mortality rates must be 
alarming. 

Regarding the non-pulmonary variety, Table I shows the types encountered. 

Table I. 

Extra-Pulmonary Tuberculosis — Numbers of Cases. 



Beni Hassan. 

Beni Sakhr. 

Howeitat. 

Sirhaan. 


Male. 

Female. 

Male. 

Female. 

Male. 

Female. 

Male. ' Female. 

Glands 


4 

3 

_ 



1 

Spine 

1 

- 

- 


4 

- 

- 

Joints 

2 

3 

2 


2 

1 

1 

Bones 

_ 

3 


2 

1 

o 

_ - 

Abdomen 

- 

- 

1 

- 

1 


_ ! _ 

Skin (Lupus) 

- 

- 

- 

- 

I 

- 

_ 

Totals 

3 

10 

6 

5 

9 

3 

1 ! 1 

Grand Total 

13 

11 

1 

2 

2 




-’’he impression obtained was that non-pulmonary tuberculosis was also 
ne extent a more acute disease than in Europe. Particularly was this the 
n connection with spinal caries of which several cases were seen. One 
ular instance which may be quoted is the case of a leading sheikh of the 
itat tribe, who had Pott’s disease of the mid-dorsal region. He gave a 
y of only a few months’ duration, was partially paralysed when examined, 
icd before the writer left Trans-Jordan. 

riie diagnosis of extra-pulmonary tuberculosis is, as in the case of the 
3nary variety, severely handicapped through the lack of radiological 
mce, and many suspected cases had to be omitted, so that here again the 
s under-estimate the true position. Angular deformity of the spine, 
d groups of enlarged cervical glands with old sinus formation, chronic 
;s leading to joints, such as the hip and knee, and certain miliary types 
usually included as being diagnostic. Abdominal tuberculosis was suspected 
ny cases, particularly in children, but onh‘ two have been recorded as being 
te. 

rhe intradermal tuberculin test (Mantoux) was carried out on a number of 
en of ages ranging from 5 to 15 years. Unfortunately the results of this 
ave to be observed not less than 48 hours after inoculation, and it was found 
difficult to persuade the children to return a second time. Many of those 
lated failed to put in an appearance again, and the numbers are, tlierefore, 

. However, certain figures are available as will be seen from Table II. 
test was carried out with O-l c.c. freshly prepared P.T. (B.W. & Co.) in 
tion of 1 in 1,000 carbolised normal saline. 

Table II. 



Phe results are of interest in showing that tuberculous infection is probably 
■ widespread among the tribes and that a fair proportion of the younger 
'ation are potential subjects of it. It is also interesting to note that while 
ercentages of positives in the Howeitat, Beni Sakhr and Sirhaan were about 
ame (between 35 and 40) that of the Beni Hassan was only 14 per cent, 
rence to the appendix shows that the tuberculosis figure for Beni Hassan was 
derably lower than the other three, the figures being Howeitat 17-9 per cent.. 
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Beni Sakhr 16 per cent., Sirhaan 37-8 per cent, and Beni Hassan only 12-8 
per cent. It seems apparent that there must be some relationship between 
the two findings, which points to the fact that the Beni Hassan are less heavily 
infected than the other three tribes. 

Whether or not the bovine bacillus is concerned to any e.\tent remains 
a subject for future investigation. Cows’ milk is not consumed and the little 
amount of goats’ or camels’ milk is usually boiled before use. In any case the 
question of tuberculosis in goats or camels might be worthy of investigation. 

The general conclusions regarding tuberculosis cannot be based on com- 
parative figures for other countries, since the results cannot be statistically 
accurate. It is, however, quite apparent that the tribes are heavily infected, 
and tuberculosis is among them a disease contributing in great measure to their 
morbidity and mortality rates. How long the disease has been among them 
it is impossible to state. From their history it appears possible that they have 
been in contact with the disease for generations. That contact, however, 
has been slight and cannot be compared with the mass contact of villagers and 
town dwellers. For that reason, it is highly probable that the tribes have deve- 
loped little racial tolerance or resistance to the disease, a fact which would 
account for the acute type frequently seen in adults. It follows, therefore, 
that the incidence of the disease is likely to increase for a time, particularly 
now that they are more in contact with civilisation, and that their bodily resistance 
is at such a low ebb. The outlook appears grave and requires serious con- 
sideration. 

(2) Venereal Diseases . — Syphilis did not appear to be a serious probienv 
among them. It was confined more or less to certain families, one member 
of whom at some time or other had become infected and had passed it on to his 
wives and children. All individuals examined were questioned regarding 
a history of this disease, and those giving suspicious information, were requested 
to produce their families for e.xamination. Samples of blood for a Wassermann 
reaction were taken in all cases in rvhich lesions suggestive of this disease were 
observed, in cases giving a possible history and in the families of the afore- 
mentioned. 

Mention has already been made of the tribal treatment of this disease 
by mercury vapour which is undoubtedly effective in some instances. 

The principal lesions met with rvere mucous patches in mouth and throat, 
iritis, papulkr and circinate skin syphiloids, laryngitis, various forms of osteitis 
associated with bone pains, perforation of tlie palate, various genital ulcerations 
and scarrings, and destruction of tlie nasal cartilage (most frequent type). 
Blood for examination was taken in 75 instances (including cases and contacts) 
and was found positive in 20 and doubtful or weakly positive in 7. The disease 
was not confined especially to any one tribe but was, as already mentioned, 
a disease of certain infected families, with a few exceptions among men w'ho had 
probably acquired their infection extramaritally in the towns. 
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The Bedouin arc now coming to understand the value of anti-syphilitic 
treatment which can be obtained at the various district health offices, and many 
cases investigated had already received courses of treatment. The tendency 
among them is to terminate their cour.se of treatment as soon as they feel the 
benefit, and long before the disease is eradicated. This is the principal weakness 
in the prevention and control of this disease, and could be countered to some 
extent by propaganda methods and by mobile dispensaries. 

Gonorrhoea was not observed, though in a few instances it might have been 
suspected from the history obtained. It probably exists to a limited extent 
among men who have been away at work in towns. The report of the Director 
of Health, Trans-Jordan, for 1933, states that only 213 cases of syphilis and 75 
cases of gonorrhoea were noted during the year in the whole country, hlost 
of these are from the towns and larger villages, so that avenues of infection are 
within reach. 

As long as the tribal svstem prevails, it is unlikely that venereal diseases 
will increase to any great e.xtent, and in any case they do not constitute a serious 
problem from a health standpoint. 

(3) Diseases of ihc Eye . — The eyes were examined in all cases, and treatment 
and medicine dispensed for conditions requiring it. Special attention was 
paid to the incidence of trachoma and a summary of findings is shown in the 
appendices. Trachoma in its various stages is seen to be a disease of con- 
siderable endemic importance amongst the tribes, its relative frequency 
being greatest amongst the Beni Sakhr(I73 cases in 317 e.xamined),54-5 per cent.; 
and least amongst the Beni Hassan (54 cases in 273 cases examined), 19-7 per 
cent. 

Other eye conditions encountered were various forms of conjunctivitis 
and keratitis, leucoma, pterygium, cataract, corneal ulcer, trichiasis, pannus, 
blepharitis, etc. At the time of the investigation, conjunctivitis did not exist 
in epidemic form. 

Blindness was comparatively infrequent, taking into consideration the 
high incidence of e 5 'e disease. In the 1,030 examined, complete blindness 
was noted in only three cases, the blindness of a single 63^6 in six. 

The incidence of e}'^e disease would undoubtedl}^ warrant further and more 
extensive measures for pre^^ention and treatment than are available for the 
tribes at present. 

(4) Malaria . — The natural tendenc}^ of the tribes in their migrations to 
establish their camps near water would at first sight appear to indicate that 
malaria would be endemic among them. This is not the case. With the 
exception of the Sirhaan \\-ho were in the throes of a severe epidemic, malaria 
was not prevalent to an}^ extent. This is borne out b)'" the result of blood 
examinations which were carried out in all cases and b}'^ the spleen rate which is 
shown in the appendices. Of 1,021 blood examinations only 43 were positive, 
2/ of these being from the Sirhaan, 
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Beni Sakhr 16 per cent., Sirhaan 17-8 per cent, and Beni Hassan only 12-8 
per cent. It seems apparent that there must be some relationship between 
the two findings, which points to the fact that the Beni Hassan are less heavily 
infected than the other three tribes. 

Whether or not the bovine bacillus is concerned to any e.vtent remains 
a subject for future investigation. Cows’ milk is not consumed and the little 
amount of goats’ or camels’ milk is usually boiled before use. In any case the 
question of tuberculosis in goats or camels might be worthy of investigation. 

The general conclusions regarding tuberculosis cannot be based on com- 
parative figures for other countries, since the results cannot be statistically 
accurate. It is, however, quite apparent that the tribes are heavily infected, 
and tuberculosis is among them a disease contributing in great measure to their 
morbidity and mortality rates. How long the disease has been among them 
it Ls impossible to state. From their historj’^ it appears possible that the}' have 
been in contact with the disease for generations. That contact, however, 
has been slight and cannot be compared with the mass contact of villagers and 
town dwellers. For that reason, it is highly probable that the tribes have deve- 
loped little racial tolerance or resistance to the disease, a fact which would 
account for the acute type frequently seen in adults. It follows, therefore, 
that the incidence of the disease is likely to increase for a time, particularly 
now that they are more in contact with civilisation, and that their bodily resistance 
is at such a low ebb. The outlook appears grave and requires serious con- 
sideration. 

(2) Venereal Diseases . — Syphilis did not appear to be a serious problem 
among them. It was confined more or less to certain families, one member 
of whom at some time or other had become infected and had passed it on to his 
wives and children. All individuals examined were questioned regarding 
a history of this disease, and those giving suspicious information were requested 
to produce their families for examination. Samples of blood for a Wassermann 
reaction were taken in all cases in which lesions suggestive of this disease were 
observed, in cases giving a possible history and in the families of the afore- 
mentioned. 

Mention has already been made of the tribal treatment of this disease 
by mercury vapour which is undoubtedly effective in some instances. 

The principal lesions met with were mucous patches in mouth and throat, 
iritis, papular and circinate skin syphiloids, laryngitis, various forms of osteitis 
associated with bone pains, perforation of the palate, various genital ulcerations 
and scarrings, and destruction of the nasal cartilage (most frequent type). 
Blood for examination was taken in 75 instances (including cases and contacts) 
and was found positive in 20 and doubtful or weakly positive in 7. The disease 
was not confined especially to any one tribe but was, as already mentioned, 
a disease of certain infected families, with a few exceptions among men who had 
probably acquired their infection extramaritally in the towns. 
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The Bedouin are now coming to understand the value of anti-sj'philitic 
treatment which can be obtained at the various district health offices, and many 
cases investigated had already received courses of treatment. The tendency 
among them is to terminate their course of treatment as soon as they feel the 
benefit, and long before the disease is eradicated. This is the principal weakness 
in the prevention and control of ffiis disease, and could be countered to some 
extent by propaganda methods and by mobile dispensaries. 

Gonorrhbea was not observed, though in a few instances it might have been 
suspected from the history obtained. It probably e.xists to a limited extent 
among men who have been away at work in towns. The report of the Director 
of Health, Trans-Jordan, for 1933, states that only 213 cases of syphilis and 75 
cases of gonorrhoea were noted during the 3 'ear in the u'hole country. Most 
of these are from the towns and larger villages, so that avenues of infection are 
within reach. 

As long as the tribal system prevails, it is unlikely that venereal diseases 
will increase to any great extent, and in any case they do not constitute a serious 
problem from a liealth standpoint. 

(3) Diseases of the Eye . — The eyes were examined in all cases, and treatment 
and medicine dispensed for conditions requiring it. Special attention was 
paid to the incidence of trachoma and a summary of findings is shown in the 
appendices. Trachoma in its various stages is seen to be a disease of con- 
siderable endemic importance amongst the tribes, its relative frequency 
being greatest amongst the Beni Sakhr(173 cases in 317 e.xamined), 54-5 per cent; 
and least amongst the Beni Hassan (54 cases in 273 cases examined), 19-7 per 
cent. 

Other eye conditions encountered were various forms of conjunctivitis 
and keratitis, leucoma, pter 5 'gium, cataract, corneal ulcer, trichiasis, pannus, 
blepharitis, etc. At the time of the investigation, conjunctivitis did not exist 
in epidemic form. 

Blindness was comparatively infrequent, taking into consideration the 
high incidence of eye disease. In the 1,030 examined, complete blindness 
was noted in only three cases, the blindness of a single eye in six. 

The incidence of eye disease would undoubtedly warrant further and more 
extensive measures for prevention and treatment than are available for the 
tribes at present. 

(4) Malaria . — The natural tendency of the tribes in their migrations to 
establish their camps near water would at first sight appear to indicate that 
malaria would be endemic among them. This is not the case. With the 
exception of the Sirhaan who were in the throes of a severe epidemic, malaria 
was not prevalent to any extent. This is borne out by the result of blood 
examinations which were carried out in all cases and by the spleen rate which is 
shown in the appendices. Of 1,021 blood examinations only 43 were positive, 
27 of these being from the Sirhaan. 
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The antimalarial work of the Trans-Jordan Health Department is, despite 
lack of sufficient credits, most thorough and effective, and a study of the report 
of this department for 1933 shows how the incidence of malaria has decreased 
to a considerable extent in recent years. Those who had malaria among the 
tribes almost invariably gave a history of having resided for a period in the 
Ghor or Jordan Valley, where antimalarial measures to be effective would cost 
a fortune. It will be seen, however, that despite the antimalarial measures 
carried out by the Department of Health Trans-Jordan, certain groups and indivi- 
duals in the various tribes by reason of their movements may from time to time 
be exposed to malarial infection. 

It is highly desirable that those infected should receive thorough courses 
of treatment, not only for their own sakes, but for the sake of reducing what 
may be an increasing reservoir of infection. Individuals are unlikely to seek 
treatment themselves, or at all events sufficient treatment to eradicate infection, 
and for this and other reasons, some arrangement whereby facilities for organised 
treatment can be carried out seems essential. 

(5) Dejicie?icy Diseases . — It might have been anticipated from the informa- 
tion gathered regarding the food supplies of the Bedouin that the deficiency 
diseases group would occupy an important position in their morbidity table. 
During the investigation, a careful and comprehensive search was made to ascer- 
tain the prevalence of clinical phenomena suggestive of diseases of this group. 
The results are remarkable in that the numbers are unexpectedly small, and 
the types of diseases encountered by no means severe. 

(a) Scurvy . — While symptoms suggestive of this disease were noted in a 
not inconsiderable number of instances, genuine severe cases were not observed. 
The symptoms noted were chiefly sponginess and swelling of the gums which 
appeared to bleed easily. This coupled with anaemia, weakness and dyspnoea 
might indicate a scorbutic condition and cases of this type have been recorded. 
The more advanced features generally described in scurvy, such as haemorrhages, 
necrotic areas in the jaw, oedema and nervous symptoms were not observed. 
The distribution of cases suggestive of scurvy, of which the majority were 
children, is as follows ; — 


Tribe. 

1 

Number E.xaminecl. j 

Cases of Scur\'\'. 

Percentage of Cases. 

Howeitat 


11 

3-0!l 

Beni Sakhr 

317 1 

lo 

•1-7 

Beni Hassan 

■ZT.’, 

3 

M 

Sirhaan 

S4 

1 

1 

1-Z 


The source of supply of vitamin C (the factor mainly concerned in this 
condition) is a mystery, and the reason for the comparatively low incidence of 
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the disease is obscure. Possibly the various aquatic plants frequently con- 
taminating their springs may infuse a certain degree of vitamin C into their 
water supplies. 

(b) Rickets . — Contrary to expectations, the incidence of true rickets 
was practically negligible, though rachitic features were observed in a number 
of cases. The most noteworthy of these were various degrees of enlargement 
of the epiphyses of the wrists and ankles associated with pot-bellies. Advanced 
cases of this disease with its well known manifestations were only 6 in number, 
of whom 3 were Howeitat, 1 Beni Sakhr and 2 Beni Hassan. All occurred in 
children. While the anti-rachitic factor (vitamin D) would not appear to be 
present in their diet normallj', the effect of sunlight, which in Trans-Jordan 
is plentiful throughout the year, is probably the determining factor in the low 
incidence of this disease. Breast feeding which is universal and prolonged is no 
doubt a further influence. 

Pellagra, beri-beri, xerophthalmia and goitre were not observed. 

The whole question of diet and deficiency diseases among the Bedouin 
is a most interesting one, and is worthy of further investigation. From what 
has already been remarked regarding their food supply, modern views of 
nutritional e.xperts would appear to be somewhat laboured regarding essential 
requirements in diet. It is, however, impossible in this report to enter upon 
a lengthy discussion on this subject, however interesting it may be. 

(6) The Teeth . — The incidence of dental caries and pyorrhoea is tabulated 
in the appendices. Perhaps the most remarkable feature of the whole investiga- 
tion was the large number who presented freedom from dental caries. Thus 
we see that out of 356 Howeitat examined, 309 or 86-8 per cent, were free from 
dental caries, while for the Beni Sakhr, Beni Hassan and Sirhaan the figures 
were 82-3 per cent., 70-2 per cent, and S3 per cent, respective!)". For children 
up to 15 years old the following table is also of interest : — 


Tribe. 

Number Examined. 

Number with Dental 
Caries. 

Total Number of 
Carious Teeth. 

Howeitat 

lot 

t 

9 

Beni Sakhr 

lot 

19 

50 

Beni Hassan 

11,0 

1.3 

45 

Sirhaan 

37 

1 

3 


These figures certainly indicate that the tribes have escaped the ravages 
of dental disease so common in civilised communities, and that nutritional 
deficiencies apparently do not affect the issue to any e.xtent. Probably the 
simplicit}" of their diet, and the lack of an infective agent may have an influence. 
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The antimalarial work of the Trans-Jordan Health Department is, despite 
lack of sufficient credits, most thorough and effective, and a study of the report 
of this department for 1933 shows how the incidence of malaria has decreased 
to a considerable extent in recent years. Those who had malaria among the 
tribes almost invariably gave a history of having resided for a period in the 
Ghor or Jordan Valley, where antimalarial measures to be effective would cost 
a fortune. It will be seen, however, that despite the antimalarial measures 
carried out by the Department of Health Trans-Jordan, certain groups and indivi- 
duals in the various tribes by reason of their movements may from time to time 
be exposed to malarial infection. 

It is highly desirable that those infected should receive thorough courses 
of treatment, not only for their own sakes, but for the sake of reducing what 
may be an increasing reservoir of infection. Individuals are unlikely to seek 
treatment themselves, or at all events sufficient treatment to eradicate infection, 
and for this and other reasons, some arrangement whereby facilities for organised 
treatment can be carried out seems essential. 

(5) Deficiency Diseases . — It might have been anticipated from the informa- 
tion gathered regarding the food supplies of the Bedouin that the deficiency 
diseases group would occupy an important position in their morbidity table. 
During the investigation, a careful and comprehensive search was made to ascer- 
tain the prevalence of clinical phenomena suggestive of diseases of this group. 
The results are remarkable in that the numbers are unexpectedly small, and 
the types of diseases encountered by no means severe. 

{a) Scurvy . — While symptoms suggestive of this disease were noted in a 
not inconsiderable number of instances, genuine severe cases were not observed. 
The symptoms noted were chiefly sponginess and swelling of the gums which 
appeared to bleed easily. This coupled with anaemia, weakness and dyspnoea 
might indicate a scorbutic condition and cases of this type have been recorded. 
The more advanced features generally described in scurvy, such as haemorrhages, 
necrotic areas in the jaw, oedema and nervous symptoms were not observed. 
The distribution of cases suggestive of scurvy, of which the majority were 
children, is as follows ; — 


Tribe. 

Number Examined. 

Cases of Scurvy. 

Percentage of Cases. 

Howeitat 

3.-.G 

11 

3-0!) 

Beni Sakhr 

SIT 

la 

■1-7 

Beni Hassan 

27:( 

:i 

]•! 

Sirhaan 

S4 

1 

Id 


The source of supply of vitamin C (the factor mainly concerned in this 
condition) is a mystery, and the reason for the comparatively low incidence of 
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the disease is obscure. Possibly the various aquatic plants frequently con- 
taminating their springs may infuse a certain degree of vitamin C into their 
water supplies. 

(b) Rickets . — Contrary to e.xpectations, the incidence of true rickets 
was practically negligible, though rachitic features were observed in a number 
of cases. The most noteworthy of these were various degrees of enlargement 
of the epiphyses of the wrists and ankles associated with pot-bellies. Advanced 
cases of this disease with its well known manifestations were only 6 in number, 
of Avhom 3 were Howeitat, 1 Beni Sakhr and 2 Beni Hassan. All occurred in 
children. While the anti-rachitic factor (vitamin D) would not appear to be 
present in their diet normally, the effect of sunlight, which in Trans-Jordan 
is plentiful throughout the year, is probably tlic determining factor in the low 
incidence of this disease. Breast feeding which is universal and prolonged is no 
doubt a further influence. 

Pellagra, beri-beri, xerophthalmia and goitre were not observed. 

The whole question of diet and deficiency diseases among the Bedouin 
is a most interesting one, and is worthy of further investigation. From what 
has already been remarked regarding their food supply, modern views ot 
nutritional experts would appear to be somewhat laboured regarding essential 
requirements in diet. It is, however, impossible in this report to enter upon 


a lengthy discussion on this subject, however interesting it may be. 

(6) T/ie Teeth . — The incidence of dental caries and pyorrhoea is tabulated 
in the appendices. Perhaps the most remarkable feature of the whole investiga- 
tion was the large number who preSC.nted freedom from dental caries. Thus 
we see that out of 356 Howeitat examineC?, 30P or 86-8 per cent, were free from 


dental caries, while for the Beni Sakhr, Bei?l Hassan and Sirhaan the figures 
were 82-3 per cent., 70-2 per cent, and 83 per respectively. For children 
up to 15 years old the following table is also of iiyterest : — • 


Tribe. 

Howeitat 
Beni Sakhr 
Beni Hassan 
Sirhaan 


Number Examined. 


Number with Dental 
Caries. 


Total Number of 
Carious Teeth. 


of certainly indicate that the tribes ha^ the ravages 

defieienctes apparently do not affect the issue To ^^extent. l^^obably the 
p ici j o t eir diet, and the lack of an infective influence, 
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Dental hygiene is certainly not practised and the high carboh 3 "drate factor 
in their diet ^YOuld suggest a very different state of affairs. 

Reference to the table shows that pyorrhoea occurred to some extent in the 
more advanced age groups, and was extremeh'^ rare in children. It was not 
associated to any degree with dental caries, and frequently occurred in mouths 
containing a complete set of perfect teeth. 

These observations on dental caries are in some respects analogous to those 
on deficiency diseases, and are of extreme interest and worthy of further 
investigation in the light of modern knowledge of the subject. 

(7) Diseases of the Ear, Nose and Throat . — A record of tonsillar enlargement 
was made during the investigation and the results are shown in the appendices. 
Few instances of acute tonsillitis were seen, and the majority of tonsils enlarged 
presented various degrees of chronic hj'pertrophy. It is probable from the 
information obtained that epidemics of acute tonsillitis do occur at intervals. 

Chronic otorrhoea resulting from a previous acute otitis was comparatively 
infrequent, the figures being as follows : — 


Tribe. 

Number E.vamined. 

Cases of Oforrhoea. 

Howeitat 

' 3.50 i 

3 

Beni Sakhr 

317 

3 

Beni Hassan 

273 

1 

.Sirhaan 

84 

: 1 



A few cases of deafnes^ were noted, but circumstances did not permit 
investigation of the causes q? the condition. 

Diseases of the nose/ so far as could be ascertained by a rather cursory 
examination were relatively infrequent. Adenoids were extremely rare. 
Cervical glandular enmrgement was seldom observed in the anterior triangles 
of the neck, but was aommon in the posterior groups, the latter being probably 
associated with lice ipjfestation and scalp irritation and infection. 

(8) Diseases assdiciated with Animal Parasites — Helminthiasis . — It was 
found impracticable tol carry out stool examinations without additional staff and 
special arrangements. | In any event it is ver)'^ doubtful whether specimens 
could have been procWed e.xcept from those persons suffering from some 
abdominal condition. A certain amount of information was obtained by 
questioning individuads who presented a s)mdrome suggestive of worm infesta- 
tion. Generally speatking, the majority could describe with some degree of 
accuracy their own pa'srticular parasites, and they appeared able to differentiate 
Ascaris, 0.\yuris and Tdenia. 
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The figures obtained in this way are as follows 


Tribe. 

Numbers Infected with 

Ascarh. 

Oxyurh. 

Taenia. 

Howeitat 

13 

12 

2 

Beni Sakhr 

16 

.3 

,'5 

Beni Hassan 

10 

14 

3 

Sirhaan 

4 

2 



It is unlikely that these figures represent anything approaching the incidence 
of infestation, since the habits and living conditions of the tribes are favourable 
to unlimited distribution. Particularly does this apply to ascaris infestation 
which is almost certainl)’^ universal. Among children it probably causes a con- 
siderable degree of ill-health, and many instances of heavy infestation producing 
severe symptoms were observed. 

Hydatid infection was not observed, and generally speaking climatic and 
other conditions are unfavourable to the development of hookworm. 

Rectal schistosomiasis apparently does not exist and in only two cases 
was urinary schistosomiasis discovered. Both gave a history of having lived at 
Tibouk which is apparently a known source of infestation for Bilharzia in 
Trans-Jordan. 

The problem of worm infestation is not without significance from a health 
point of view. It is well known that ascaris infestation, when present to any 
extent, is productive of irritation, chronic ill-health and a consequent liability 
to other diseases, not least pneumonia. Preventive measures in this condition 
are valuable not only in limiting the infestation but from their educative effect 
in the principles of elementary hygiene. Treatment is particularly effective, 
and a combined treatment and preventive campaign would be well justified 
among the tribes, 

(9) Othei' Disease Gi'otips of Less Endejiiic Importance . — ^While the main 
object of the investigation was an analysis of the principal endemic diseases 
contributing to ill-health, records were made of all other diseases encountered 
and these are tabulated in the appendices to this report. It is noteworthy that 
malignant disease was not observed. 

(10) Mental Deficiency in Children . — Not a single case of mental deficiency 
was seen. No doubt various degrees of feeble mindedness exist and there are 
a number of mentally retarded children, but in the experience of the writer, 
the children of the Bedouin are particularly bright and intelligent, and many 
were for their years more active mentally and more quickly receptive than the 
average European children of the same ages. It is a great misfortune that this 


c 
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intelligence is not directed into the right channels and utilised in the service of 
the tribes themselves and for the ultimate benefit of the State. 

VIII. Summary of Observations and Conclusions, 

While the numbers examined represent only a small percentage of the 
population under review, they represent unselected groups from unselected 
sections of the various tribes, and may be said to give a picture of the general 
health conditions prevailing among the majority. 

2. The tribes concerned in the investigation have been proved in the 
main to be suffering from poverty and consequent malnutrition, due to factors 
over which they have no control. 

3. The food supplies of a large majority are insufficient in quantity and 
quality and in many instances inadequate to support life. 

4. A considerable degree of anaemia, which is partly due to disease, but 
particularly to food deficiency, exists universally. 

5. As a result of malnutrition, exposure and other less important factors, 
certain diseases of the endemic group are assuming proportions which cannot 
be regarded with equanimity. 

6. Of these diseases tuberculosis is predominant. It is responsible for a 
considerable degree of ill-health, contributes in large measure to mortality 
rates and is in all probability increasing in its incidence. 

7. The incidence of ophthalmic disease is high and requires an intensive 
campaign to counter it. 

8. Malaria, though not widely endemic, represents a problem which 
requires attention, particularly by direct treatment. 

9. Certain deficiency diseases should be controlled by general measures 
directed at improving the economic situation. 

10. Epidemic diseases, though not prevalent during the period of investiga- 
tion, have seasonal waves. Of these probably pneumonia and infantile diarrhoea 
take the heaviest toll in a depressed community. 

11. The fact that the tribes do not readily seek medical attention until 
their diseases are in an advanced or even incurable state makes it imperative 
that the battle should be fought on their own grounds. In other words, that 
the benefits of early systematic treatment coupled with education in the 
elementary principles of hygiene should be brought to their very doors. 

12. Schemes of relief, temporary and piecemeal in their application 
merely confuse the main issue which is to ensure that the tribes become self- 
supporting and permanently so. Without the practical application of this 
doctrine, medical and health measures merely prolong the agony. 

13. It would appear to be the moral responsibility of Government, apart 
altogether from sympathetic or sentimental motives, to redeem some of the 
pledges made to the Bedouin not so long ago and to stabilise a future for them. 
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THE ADVANTAGES OF ATEBRIN IN THE TREATMENT OF 
MALARIA AMONGST CONTROLLED LABOUR FORCES IN 

MALAYA.*' 

BY 

A, L. HOOPS, C.B.E., M.D., D.P.H.f 


The new synthetic drugs plasmoquine and atebrin have simplified the 
treatment and greatly reduced the relapse rate in malaria. 

Plasmoquine, discovered in Bayer’s Laboratories at Elberfeld in 1924 by W. Schule- 
mann and his associates, has been found lethal to the gametocytes of Plasmodium vivax, 
but its action on the asexual cycle of the malarial parasites is slight, and on sporozoites nil. 

The evolution of atebrin, an acridine dye, by Mietzsch, Manss and Kikuth, tested 
in the field by Peter, Masincezcu, and MOhlens in 1930 and 1931, has, in conjunction 
with plasmoquine, lowered the malarial relapse rate to some 10 per cent., the cure being 
effected within a few days ; unlike quinine or plasmoquine, which are excreted from the 
system within 36 hours, atebrin can still be demonstrated in the blood and urine 2, and 
sometimes 3, weeks after ingestion. 

It is taken up from the stomach and small intestine by the liver whence it is again 
excreted into the small intestine in the bile ; part then leaves the system in the urine and 
faeces while the remainder is again absorbed by the liver : this cycle is repeated until 
excretion is complete. 

In the blood, atebrin is found both in the serum and in the red blood corpuscles to 
which it is strongly attracted, and even more so to the malarial parasites, for, when extracted 
from the corpuscles with alcohol, it still clings to the parasites. 

Like quinine, atebrin acts on the asexual cycle of the malarial parasite but is devoid 
of any direct effect on the sporozoites and gametocj’tes. 

Testing Atebrin on Animals and on Man . — Kikuth and Paul Russell with 
bird malaria, and Chopra and Das Gupta with monkey malaria, have shown 
its intensity of action, while S, P. James in his malarial research station at Horton 
has made valuable experiments with it on general paralytics. 

It must be remembered, however, that birds and monkeys are not men, 
and that general paralytics are already suffering from a severe disease of the 

* This paper was read before the Edinburgh Branch on 26th June, 1935. 

t I am much indebted to Professor Dr. W. Schulemann, Dr. F. M. Peter and Dr. 
W. Kikuth for valuable information and demonstrations during my visit to their labora- 
tories in June, 1935. 
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nervous system; also in experimental infections the conditions found in nature 
cannot be exactly reproduced. For this reason the practical results obtained by 
myself and others in Malaya in the treatment of malaria with atebrin amongst 
controlled labour forces of otherwise healthy persons, are worthy of record. 

Owing to the superior results obtained amongst labour forces on the rubber, 
estates of the Malacca Agricultural Medical Board, numbering some 20,000 
labourers and dependents, atebrin has, in my practice, replaced quinine since 
the middle of 1932. 

Some of those who continue to use quinine admit that with atebrin there is 
a lower relapse rate, but they express their preference for moderate doses of 
quinine given for several periods of a few days each — ^their main object being 
not to cure the malarial infection at once, but to produce an increased resistance 
to the disease by allowing the sufferer to pass through a few mild attacks. 

Incidentally, this must produce a number of reservoirs for the spread of 
further malarial infection. 

In Malaya prevention of malaria by antimalarial measures such as regular 
antimalarial surveys, the upkeep of existing drainage, the draining of new 
seepages and breeding grounds of malaria-carrying anophelines, and when 
necessary periodic oiling of danger spots, is practised on many estates. By 
this method we aim at preventing the reinfection of the cured sufferer from 
malaria and we therefore do not take the risk to himself and others of trying to 
produce a possible immunity. 

Malaria Rates on the Estates Served by the Malacca Agricultural 
Medical Board Staff During the Last Ten Years. 

The Table illustrates the fall in sickness and deaths attributed to malaria 
since atebrin has been used on our estates. 

Table I. 

Malaria. 


Year. 

In-patients. 

Out-patients. 

Deaths. 

Average Estate Population. 


2,031 



54 

18,721 

mSm 

3,473 

— 

107 

22,801 


3,352 

— 

108 

24,081 

1928 

2,951 

— 

57 

22,039 

1929 

1,762 

— 

58 

25,515 

1930 

1,241 

2,246 

60 

22,820 

1931 

934 

1,877 

35 

21,553 

1932 

545 

1,364 

21 

19,511 

1933 

462 

542 

15 

19,954 

1934 

534 

333 

13 

23,007 
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A comparison of the number of eases of malaria treated and of the malarial deaths in 
the past 10 years is interesting. 

Until 1930 the records do not show the number treated as out-patients, but it maj' 
be assumed that they were nearly double the in-patient figure. During the first 7 years, 
1925-1931, malarial deatlis averaged sixty-eight a year, and cases were numerous, though 
falling in 1930 and 1931. In the last 3 years, 1932-1934, admissions have dropped greatly 
and so have out-patients, and deaths average only just over sixteen a year. The fall in 
1934 coincided with a big increase in susceptible labour population. 

Another good feature is that the proportion of in-patients to out-patients has increased 
steadily, until in 1934 on European-owned estates, out of a total of 497 cases of malaria, 
4S3 were treated in hospital while, though the Asiatic estates have no hospitals, 51 out of 
their 317 cases were sent to Government hospitals. 

The reeent decrease in malaria is due to several causes. 

(a) The decrease of labour forces in 1931 and 1932 owing to the slump : naturally 
the weaker members who were most liable to sickness were weeded out. This cause ceased 
to operate by mid-1933 : there have been few repatriations since that date. On the other 
hand, there has been a steady flow of immigration from India which has been intensified 
in the latter half of 1.934. 

(b) The continuance of anti-malarial measures, and especially of oiling and surface 
drainage which are necessaty to control our chief carrier on Malacca estates. Anopheles 
maetdaUts. 

(c) The treatment in hospital of an increased proportion of malaria cases which 
tends to lessen the spread of infection in the lines. 

(d) The use of atebrin for the treatment of malaria reinforced by plasmoquine, in 
subtertian cases, during the last 3 years — 1932 to 1934. 

(e) The examination of all new labour, and the twice-yearly routine examination of 
all labour forces, followed by prophylactic treatment with atebrin of all who may be har- 
bouring malaria parasites. 

Treatment of Malaria on Estates Served by the Board. 

Until June, 1932, the drug used both for the attempted prophylaxis and cure of malaria 
was quinine, usually 10 grains of the sulphate or bihydrochloride thrice daily for a week to 
10 days if in hospital, or until temperature dropped if in the lines, followed by smaller 
doses of quinine — 10 grains daily for 3 weeks after return to work, and also after the half- 
yearly examination if the spleen was found to be enlarged. Even under such courses of 
quinine a relapse rate of 50 per cent, was common, while if quinine was given only until 
the fever subsided the relapse rate was much higher. 

In 1931, 934 cases of malaria were treated in hospitals, all with quinine ; deaths 
amongst these numbered 31 — death rate 3-31 per cent. : in 1932, when the use of atebrin 
in some cases was begun, quinine was used in an almost equal number of hospital cases : 
228 malaria patients were treated with quinine, of whom 14 died (death rate 4-85 per cent.) ; 
while 257 were treated with atebrin, of whom 4 died (death rate 1-55 per cent.). 

In 1933, when atebrin was in general use, of 462 persons treated in hospitals only 30 
received quinine treatment, with 1 death from subtertian malaria : the remaining 432 were 
treated with atebrin and of these 9 died (death rate 2-08 per cent.), 8 of them had subtertian 
malaria and 4 were comatose on admission. 

In 1934, 534 persons were treated for malaria in hospitals : of these 33 received quinine 
with 1 death from subtertian malaria ; 50 1 received atebrin treatment with 9 deaths (death ■ 
rate 1-8 per cent.) ; all these 9 had subtertian infections : 4 children died comatose in 
2 hours, 4 hours, 8 hours and 40 hours respectively; and 3 adults, also comatose, died in from 
4 to 24 hours after admission. The eighth, a woman, had a subtertian malarial attack 16 
days after a septic confinement and died in 48 hours ; the ninth was a cachectic case. 

Routine of Atebrin Treatment. 

The method followed by me in using atebrin is ; — ^As soon as the patient enters hospital 
he is given a purgative — usually for an adult calomel, grains 3 — followed by mist, alba, 
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2 or 3 ounces after a few hours. His blood is taken and the type of parasite determined. 
A dose of stock diaphoretic mixture three times a day until fever subsides helps to promote 
sweating and lessen distress. After the blood has been examined and a purgative and 
diaphoretic mixture given, the administration of atebrin is commenced. 

In proportion to age, children require bigger doses than adults. Each tablet of atebrin 
contains 0-1 gramme (li grains) ; the dosage followed in ordinary cases is : — 

Infants, up to half a tablet daily. 

Children of 1 to 3 years, from half to one tablet daily. 

Children of 3 to 5 years, up to tablets daily. 

Children of 6 to 10 years, lA to 2i tablets daily. 

Children of over 10 years, and adults, 3 tablets daily. 

The temperature will usually fall to normal within 2 or 3 days. If the temperature 
does not rise again above 99° F. after 48 hours, the atebrin treatment is continued for 5 
days only. If the temperature stands above 99° F. at any time during the third or fourth 
day atebrin is continued for 6 or for 7 days. Atebrin is not given for longer than 7 days 
in one course. 

When the malaria is subtertian in type a course of plasmoquine is administered after 
the atebrin treatment is completed : plasmoquine has also been given in relapsing cases 
of benign tertian, but not in primary cases. 

The dosage of plasmoquine used for an average adult is O-Ol gramme tablet three 
times a day for 5 days — for a child of 10 half of a 0-01 gramme tablet three times a day for 
o days, and for a child of 6 one-third of a 0-01 gramme tablet three times a day for 5 days. 
Children under 6 years are not given plasmoquine without special orders. 

As regards atebrin for injection purposes, the earlier preparations were 
too insoluble. This difficulty has now been overcome by the production of a 
very soluble salt, known as atebrin musonate. It is a dimethanesulphonate of 
atebrin supplied as a yellow powder in sealed ampoules, containing 0*125 
grammes each, corresponding to the single dose of 0*1 gramme of the atebrin 
bihydrochloride tablet for oral use. 

Each powder is dissolved in exactly 3 c.cm. of water before injection. 
The contents of one ampoule is the maximum single dose that should be given 
intravenously, but three times this amount, comprising one day’s treatment, 
may be given intramuscularly at one time. The indications for the injection 
of atebrin musonate are the presence of high or persistent fever, severe 
vomiting, the advent of cerebral symptoms. In addition, it may be valuable 
for the rapid treatment of supervised cases in the course of a great epidemic. 
In Ceylon it has recently been tried in this way, 0*375 grammes (i.e. the 
contents of three ampoules) being dissolved in 9 c.cm. of water and injected 
into the buttock daily in one dose on two successive days only. Blaze and 
Simeon claim that as a rule the fever and parasites disappear entirely after 
these two injections. The relapse rate, after such a short course, will probably 
. be high. 

Quinine has not been used by me in conjunction with atebrin except in 
the few cases where it has been given as an injection. 

Atebrin is usually well tolerated by young and old, by infants, pregnant 
women, nursing mothers and persons in whom other diseases are complicated 
by malaria. Vomiting is rarer than with quinine ; most patients prefer atebrin 
and many experience a sense of well-being and increased appetite during 
treatment. 
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Results. 

Under the treatment outlined the temperature is usually normal on the 
second or third day and seldom rises again above 99° F. In a proportion of cases 
the temperature is higher, and the parasites are more numerous on the second 
day than on the first day, owing to the provocative effect of atebrin on the 
parasites. All parasites usually disappear by the third day ; and, except for 
crescents, none are found in any patient on discharge from hospital. 

As an unusual exception, the temperature of one man with a subtertian 
infection remained above 99° F. for 216 hours though four injections of quinine 
bihydrochloride grains 10, and four injections of atebrin grains li were given 
intramuscularly, and atebrin and quinine were used consecutively in treatment 
— each for 5 days. 

Time Spent in Hospital . — The average time spent in hospital when plasmo- 
quine was not administered after atebrin was 7i days ; many patients were 
discharged in 5 days. 

When plasmoquine was given separately after atebrin the patient was 
sometimes in hospital for 10 or 1 1 days, though part of this after-treatment was 
occasionally given in the lines. 

To.xiciiy of Atebrin. 

The toxicity of atebrin by itself is low as noted by the Malaria Commission 
of the League of Nations, and by recent writers in the Indian Medical Gazette. 

Some 1,900 cases of malaria have been treated with atebrin on Malacca 
estates during the past 3 years, of which 1,207 were under my care. Amongst 
these latter I have observed the following : — 

(a) Severe colic . — Nine cases of severe intermittent colic, occurred high 
up in the abdomen. The colic began as a rule about the end of, or within, 
4 days after the termination of the course, and lasted from 2 to 4 days. Seven 
of the sufferers had received plasmoquine as well as atebrin. Alkalies and 
opiates relieved the colic which gradually disappeared. 

Amongst estate staff, one manager suffering from malaria, without seeking 
medical advice, took double doses (six tablets) of atebrin daily for 6 days, after 
which he suffered from moderate colic and turned yellow. Another with sub- 
tertian malaria got severe colic after taking the ordinary dosage of atebrin 
combined with double dosage of plasmoquine for 4 days. 

I have not included mild cases of abdominal pain such as are noted 
occasionally on the resumption of full diet, whether atebrin or quinine has been 
employed ; such pain is relieved by a purgative. 

(^>) Violent vomiting is rarer with atebrin than with quinine ; a case has 
been reported in which it occurred each time one tablet was administered, 
probably due to intolerance of the drug. 

(c) Severe headache, usually frontal, is found occasionally. 

{d) Yellow staining of the skin and conjunctivae is seen in a small proportion 
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of patients ; it is temporary and due to the fact that atebrin is a dye, so that 
this is not really a toxic symptom. 

(e) Cerebral excitement . — In one male Tamil with benign tertian a con- 
dition of cerebral excitement and intoxication developed on the 4th day of 
treatment. For the next 3 days, during which he was kept locked up, he thought 
his kangany was coming to beat him and he had other delusions ; he then became 
normal again. 

(/) Various other symptoms have been attributed to atebrin, such as 
“ fits ” in a patient who was afterwards found to be an epileptic ; pains in the 
muscles of the neck. 

R. Green ascribes such toxic symptoms as do occur to the fact that atebrin 
is eliminated slowly from the body, and so has a cumulative effect : marked 
toxic effects occur mostly in patients to whom plasmoquine had been given at 
the same time as atebrin. 

It is important that the doses of atebrin mentioned should not be exceeded, 
and that the drug should not be given for more than 1 week at a time. 

When plasmoquine is added to the treatment it also should not be given in 
excess of the doses indicated, and not for more than 1 week at a time : if possible 
it should not be administered until the atebrin course is finished. 

Relapse Rates of Cases Treated with Atebrin by the Author and Kept 
Under Observation for at Least 8 Months, during Year 1933 and First 

Half of 1934. 

In order to arrive at a fairly correct relapse rate no case is included in 
Table 11 that has not been observed for 8 months ; many have been observed 
for a full 12 months. 

It is to be borne in mind that some of the further attacks of malaria must 
have been new infections though all are counted as relapses. 

Quartan malaria is not included in the table as only 17 cases have been 
treated with 2 known relapses. 


Table II. 
Type of Malaria. 


Year. 


Benign Tertian. 

Sub-tertian. 

Unclassified. 

1933 

Total observed 


162 


86 


Relapses 

47 

25 


10 


Percentage 

11-5 

16-4 

mmm 

11-5 

1934 

Total observed 


125 

85 

9 

(first 

Relapses 


18 

5 

1 

half) 

Percentage 


14-4 

• 

5-9 

11 
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Period of Relapse . — In 1933, 1 classified separately the relapses of children 
and adults, and the results are given in Tables III and IV. 


Tablk III. 

Relai’ses Amongst Children TRE^vrEo in 1933. 



Benign Tertian. 

Sub-tertian. 

Unclassified. 

Total observ'ed 

79 

49 

21 

9 

Relapses 

12 

9 

1 

O 

Percentage 

15-1 

lS-3 

4-7 

00,0 


Amongst these children the average duration before relapse in benign 
tertian cases was Ss weeks ; half the relapsing cases had received smaller doses 
of atebrin than recommended by the makers ; one of them relapsed twice — 
in the 6th and in the 12th week. The one case of sub-tertian child relapse 
occurred in the 15th week. 


Table IV. 

Relapses Amongst Adults Treated in 1933. 



Benign Tertian. 

Sub-tertian. 

Unclassified. 

Total observed 

329 

113 

139 

77 

Relapses 

35 

16 

11 

8 

Percentage 

10-6 

14-1 

7-9 

10-3 


The first average benign tertian relapse in adults was in the 15th week; the 
earliest was in the 5th week and the latest in the 31st week; two cases relapsed 
t\vice, one in the 7th and 15th weeks, and one in the 28th and 35th weeks after 
infection ; the latter showed sub-tertian parasites on the second occasion. 

One pregnant woman relapsed three times in the 7th, 15th and 23rd weeks 
after primary infection. 

Amongst eleven sub-tertian relapses in adults the average was in the 9th 
week, the earliest was in the 2nd week and the latest in the 19th week. Four 
included under the head sub-tertian were mixed sub-tertian and benign tertian 
infections. Two of these, both relapsing in the Sth week, showed only benign 
tertian parasites on relapse. Two sub-tertian cases relapsed twice, one in the 
3rd and 19th week, and the other in the Sth and 19th week. 

My experience in 1934 was similar. The average relapse rate of children 
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with benign tertian parasites was in the middle of the 5th week after infection, 
while with adults it was in the 17th week. 

Use of Atebrin on Asiatic-Owned Estates, 

Quinine is still used on a number of the smaller Asiatic-owned estates where super- 
vision is almost impossible as there are no hospitals, and drugs are administered by a 
headman. 

Out of 429 persons treated for malaria from Asiatic-owned estates in 1933, 210 
(3 deaths) received quinine and 219 (1 death) atebrin ; 1 died untreated. Only 23 were 
sent to Government hospitals. 

Out of 317 persons treated for malaria from these estates in 1934, 141 (1 death) received 
quinine and 176 (2 deaths) atebrin. One woman died without treatment ; 51 were sent to 
Government hospitals. 

With atebrin the relapse rate in Asiatic estates, amongst obsert'ed cases including 
reinfections, was 17-3 per cent. Amongst 51 persons who were observed for 6 months, 
after a week’s treatment with quinine, the relapse rate, including reinfections, was 77 per 
cent. 

Blackwater Fever. — Before atebrin was in use for the treatment of malaria there were 
6 cases and 4 deaths from blaclnvater fever on Malacca estates in 1931 and 2 deaths during 
the first half of 1932. In the latter half of 1932 atebrin was administered to 2 cases of black- 
water fever occurring in old sub-tertian infections — one, a man, the other, a girl aged 7 : 
both recovered. No cases of blackwater fever have been noted in 1933 or in 1934. 

The treatment of malaria with atebrin is undoubtedly deterrent to blackwater fever. 

Barbowman, working on rubber estates in the Klang district of Selangor, recently 
reported 90 per cent, of relapses amongst 412 cases of malaria treated with 30 grains a day 
of quinine for I week only, the rates being almost equal for bem'gn tertian and sub-tertian 
infections. 

Against this he reported 8-4 per cent, of relapses among 369 cases treated with atebrin 
only, the figures being — benign tertian 175 cases, 21 relapses, relapse rate 12 per cent. — 
sub-tertian 194 cases, 10 relapses, relapse rate 5 per cent. 

Using atebrin and plasmoquine he found only 6 relapse's in 192 cases of benign tertian 
and 3 relapses amongst 63 cases of sub-tertian — relapse rates 3 per cent, and 5 per cent. 
All his cases were observ'ed for 6 months. 


Plasmoquine as an Adjunct to Atebrin Treatment. 

Atebrin treatment by the eradication of schizonts prevents the formation of later 
generations of gametocytes. The earlier broods of gametocytes will die outin a few weeks. 

Whether plasmoquine should be given to kill the latter, depends therefore on the risk 
of infection being conveyed to others in any particular estate. In this several factors are 
involved — the number of persons with gametocytes in their blood ; the number of malaria- 
carrying anophelines present (most important), the number of bites received from infected 
mosquitoes ; the intensity of the infection conveyed ; the effectiveness of the antimalarial 
work. A change in the level of the surface water, an influx of unhealthy new labourers or 
the felling of a new area may necessitate the adoption of measures not previously needed. 

The League of Nations Malaria Commission’s Report (pp. 236-237) suggests that the 
percentage of malarial cases containing gametocytes in their blood may at times be as low 
as 1 per cent, though in children it may be 17 per cent, or more. But Green, in a series 
of 1,000 sub-tertian cases found that over half carried crescents in the proportion of 1 or 
more per 200 leucocytes and were therefore potentially infective to Anopheles maatlatus 
{Bulletin Inst. Med. Res. No. 5, 1929). If these high rates are common in Malaya the 
argument for giving plasmoquine is strengthened. 

Green found also that gametocytes seldom appeared before the 6th day in new infec- 
tions and took on an average nearly S days to disappear under treatment with plasmoquine 
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compound — the limits being 4 to 13 days (Bulletni Inst. Med. Res. No. 3, 1929), It may be 
assumed therefore that the treatment with plasmoquine simplex should not be started 
before the 6th day in primarj' attacks, and that with an adult a dosage of from 0-02 gramme 
to 0-03 gramme daily should be continued for from 5 to 7 days. 

My practice has been to give plasmoquine in all sub-tertian cases owing to its effect on 
the gametocytes, and in benign tertian relapse cases. There is no doubt however that 
plasmoquine will further lo%ver the relapse rates if given in primarj’’ benign tertian attacks 
as well. 


The Use of Atebrin for Prophylaxis. 


It used to be customary on most European-owned estates to give a course of quim’ne 
to all coolies and dependents found with enlarged spleens at periodic examinations of estate 
labour forces ; most of this quinine was undoubtedly wasted ; the recent Report of the 
League of Nations Malaria Commission stresses the fact that quinine, even when given in 
the fever-free and parasite-free period just before a relapse, exhibits a lack of therapeutic 
action. Also, a considerable proportion of persons with enlarged spleens, chiefly of the 
fibrotic type, harbour no parasites at all, and some of them have acquired an immunity. 

The routine use of quinine for enlarged spleens has now been abandoned by me ; 
atebrin treatment has been substituted for selected cases only — especially for new locally 
engaged labourers who have either a recent history' of malaria, parasites in their blood or 
a temperature. No treatment is given to those with fibrotic spleens or to any who have 
already received a course of atebrin for malaria, and who show no relapse symptoms on 
examination. 

Acting on these lines I gave a prophylactic course of atebrin, to about half of 952 
pereons found with enlarged spleens at special examinations on my estates in 1933, and to 
a similar proportion in 1934. Those who appeared ill were put in hospital, but the majority 
remained at work and received a 5 days’ course of three tablets daily given in one dose 
after they had come in from the field ; no ill effects were observed. 

Amongst one batch of 28 newly engaged coolies, 17 had enlarged spleens and a recent 
histoiy of malaria : 7 of these, and 1 man who had not an enlarged spleen, but had 
parasites in the blood, and 3 others with enlarged spleen but no parasites, had a tempera- 
ture. As a precaution the whole of this gang received atebrin treatment. One Asiatic 
estate manager developed sub-tertian malaria after taking one tablet of atebrin daily for 
3 weeks. 

On none of the Malacca estates is malaria so severe as to render mass prophylactic 
treatment advisable. 

Wallace, working in Kedah, finds atebrin is the most effective drug for mass treat- 
ment at the beginning of the malarious season. In 1933, on one of his estates where malaria 
was seriously affecting the labour, no cases occurred within a month after a 5 days’ mass 
course of atebrin and the malaria rate remained low for the 2 succeeding months. On 
another malarious division where the parasite rate was 18 per cent, amongst adults and 
23 per cent, amongst children, a 5 days’ course of atebrin and plasmoquine reduced the 
parasite rate to nil. After this 0-02 gramme plasmoquine was given three times weekly 
for 3 months, at the end of which the parasite rate was : adults 3-5 per cent., children 5 per 
cent. These doses of plasmoquine will inhibit the sexual forms and thus prevent infection 
of others. 

Though no antilarval measures were taken and the malaria season was at its height, 
only one case of malaria occurred. 


Is Atebrin a Substitute for Antimalarial Measures such as 
Drainage and Oiling ? 

In my opinion, “ No,” but it is a great adjunct to these measures. Its 
use is effecting a sterilisation of previous carriers of malarial infection on many 
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Malacca estates. A saving of oil is therefore more possible than formerly in 
certain areas during the less malarious months of the year. 


Cost of Atebrin Treatment, 


Green states that atebrin is the cheapest drug for treating malaria if labourers are not 
subject to frequent reinfection, because it is superior to quinine both for destroying benign 
tertian and quartan gametocytes and for preventing relapses. It has no effect on sub-tertian 
gametocytes, for the destruction of which plasmoquine must be given. 

In two large comparative series of cases from the same estate, Green found that the 
percentage of days spent under treatment per unit of population, including a preliminary 
mass treatment, was atebrin 7 per cent., quinine 27 per cent. 

With atebrin the relapse rate was much lower, the working efficiency was maintained 
at a high level, and far fewer working days were lost. 

During the past 3 years in Malacca, the cost of a 5 days’ course (15 tablets) has varied 
beUveen 72 and 89 Straits cents (Is. 8d. to 2s. Id.). Allowing a 15 per cent, relapse rate 
for which 12 cents may be added, the maximum cost per head is just over SI Straits 
(2s. 4d.). 

During the same period the price of quinine sulphate has varied from $14 -50 to S17 
Straits, and of quinine bihydrochloride from S19 to $24 Straits per pound. Taking into 
account the much higher relapse rates with quinine, not less than 1 ounce is needed for an 
average complete treatment on estates. 

The additional cost of 0"15 gramme of plasmoquine given in a 5 days’ course is 43 
Straits cents (Is.) ; which course is advisable at any rate in sub-tertian infections whether 
atebrin or quinine has been used. 

While the total drug treatment with atebrin actually costs less than with 
quinine in properly supervised cases, there is a still greater saving effected by 
the low relapse rate, lessened absence from work, and the greater efficiency 
following atebrin ; the shortness and simplicity of administration is a further 
point in its favour. 

Atebrin is the best drug available for the controlled treatment of all types 
of malaria in Malaya, where effective oral administration is preferable to 
injection. 
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A CASE OF SIMULTANEOUS INFECTION WITH YAWS AND 

PRIMARY SYPHILIS. 

by 

JOHN A. CARMAN. 

Medical Officer, Kenya Coloriy.* 


Though many cases are on record of yaws patients becoming infected with 
syphilis, tlie following case is of interest since there still persists in some quarters 
the belief that the two diseases are identical. 

The patient was from a tribe amongst whom both yaws and syphilis are 
common. The two diseases have different native names ; and while it is recognized 
that to become infected with syphilis is shameful, no such stigma attaches 
to yaws. Furthermore, the natives assert that in years gone by, before the 
Europeans came, there was no syphilis among them, but only yaws, the subjects 
of which disease were made to live alone in separate huts like lepers. That 
syphilis was brought by Europeans is probably untrue, since Arab slave-traders 
had established communication with Uganda many years before the advent 
of the white man ; but these few points serve to emphasize the fact that to the 
native who has known all about yaws for many generations, syphilis is a new 
disease of recent introduction. 

The history of the case is as follows. In April, 1934, there was a small 
yaws sore on the right shoulder for which he was treated by a native medicine 
man and “ cured.” In October, 1934, a more generalized eruption appeared 
on the face and on the back but this again cleared up e.xcept for two lesions 

* My thanks are due to the Honourable Director of Medical Services, Kenya Colony, 
for permission to publish this paper, to Dr. W. Wilkinson for allowing me to report the 
case and to Dr. J. H. Sequeira for permission to use his name. 
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on the back. He left his home in October and came to Nairobi where, since his 
wife did not accompany him, he admits having intercourse with prostitutes in 
native brothels. 

During November his yaws rash underwent a second exacerbation and again 
appeared on his face. He remembered having intercourse with a prostitute 
at the beginning of December, and on the 24th of that month he first noticed 
a sore on the prepuce. 

It is significant that whereas he had -paid no heed to his yaws, he at once 
sought advice for his syphilis and was admitted to the Infectious Diseases 
Hospital, Nairobi. Dr. Wilkinson, the Medical Officer in charge of the 
hospital, very kindly brought the case to the writer’s notice, and he was shown 
at the Annual Meeting of the Kenya Branch of the British Medical Association 
on 4th January, 1935. 

There was a well-marked framboesiform yaws eruption over the head and 
neck which was in ever}" way typical of the so-called secondary stage of yaws. 

On the preputial margin was a small ulcer with slight puckering of its 
edges. The base of the ulcer was indurated and there was a small amount of 
clear serous discharge from its surface. A scraping from this ulcer was found 
on examination by dark ground illumination to be teeming with spirochaetes 
indistinguishable from Treponema pallidum. The Kahn test gave a four plus 
result, there was generalized enlargement of the lymphatic glands and on 
treatment both conditions cleared up. The primary syphilitic sore healed 
more rapidly than did the yaws lesions. 

By a fortunate chance a small boy who was admitted to hospital 
at the same time, showed a yaws sore on his prepuce. The primary lesion 
was still present on his thigh and there was a third lesion on the shaft of 
the penis : and it was apparent that the fwo sores on the penis could 
have arisen from direct contact with the one on the thigh as they almost certainly 
did, though the child was too unintelligent to give a clear account of his illness. 

It was noted that while the preputial sore in the man was an ulcer in the 
sense that there had been an erosion of tissue, the boy’s sore was more granulo- 
matous in character involving a heaping up of tissue, a state of affairs which is 
seen in all the so-called framboesiform lesions of yaws. 


Discussion. 

Dr. J. H. Sequeira, who was present at the meeting referred to above, 
affirmed that there could be no doubt whatever as to the nature of the sore 
on the penis of the man ; it was undoubtedly a primary syphilitic chancre. 
He also stated that the lesions on the face resembled no syphilitic condition 
which he had met during his long experience at the dermatological department 
of the London Hospital. 
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Dr. Sequeika went on to say that in 1925, when he first visited Kenya, 
he saw a large number of cases of j'aws and he had seen many since, but he had 
never in his experience seen any syphilitic lesion in England or on the Continent 
which he might have confused with typical yaws. 

It has been said that the “ rupia ” of sj^philis resemble yaws sores, but a 
little care in examination will show at once that any such resemblance is 
exceedingly superficial. In the first place rupia are excessively rare, they are 
a tertiary' manifestation and most intractable to treat. The “ limpet-like ” 
appearance is due to a heaping-up of dried discharge and tissue debris, and if 
this is removed the condition is seen to be an ulcer whose base lies below the 
level of the surrounding skin. There is no essential difference between the 
so-called primary and secondary eruptions of yaws. Histologically the two 
lesions are identical. They are notoriously common and by no means hard to 
cure. If the overlying crusts are removed the sore is still raised above the skin 
surface and the skin is therefore not so much ulcerated as hypertrophied. 

Microscopically yaws is seen to be primarily an epidermal disturbance. 
The interpapillary pegs are elongated and thickened, dipping down deeply 
into the corium where there is a well-marked round-celled infiltration and 
some oedema, but without any tendency towards the characteristic endothelial 
proliferation so constantly seen in syphilitic lesions. The spirochaetes are 
found in large numbers in the deeper epidermal layers and in the superficial 
layers of the corium. In syphilis, of course, the organisms are found deep 
in the corium and the epithelium shows little change. 

It would be tedious to refer seriatim to the various lesions of syphilis 
which are brought forward as being identical with yaws ; the real answer lies 
in the fundamental difference in the pathology of the two diseases, a difference 
which is epitomised in the patient’s skin by the scarring which follows syphilis 
and not yaws and by the occurrence of such cases as the one here described. 

The carefully controlled and extensive work of Schobl on Philippine mon- 
keys has cast so much light on the problem that few can remain unconvinced 
of the separate identity of the Uvo diseases. 

Summary. 

1. A case is described in which framboesiform yaws preceded and outlived 
a typical primary syphilitic chancre. 

2. The fundamental nature of a syphilitic lesion as ulcerative and a yaws 
lesions as a hypertrophy is emphasized. 

3. The differences between the histology of yaws and syphilis of the skin are 
briefly indicated. 

4. The work of Schobl taken in support of such cases as that described 
is considered to be conclusive proof that j'aws and syphilis are two separate 
diseases. 
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THE NATURAL INFECTION OF HIPPELATES PALLIPES LOEW 
WITH THE SPIROCHAETES OF YAWS.=^ 

BY 

HENRY W. KUMM, M.D.. Dr.P.H, 

From the Laboratory of the Jamaica Yazus Commission. 


The possibility that yaws (framboe.sia tropica) miglit be transmitted by 
^insects has been suggested from time to time, and in the literature there are 
several reports of the demonstration of the presence of Treponema pertenne in 
various species of flies. 

Castellani (1907) found T. pertenue in Musca domcstica which had fed on scrapings 
from yaws lesions, but this method of infecting flies did not really simulate what would 
occur in nature. Thomson and Lamborn (1934) fed Musca spectonda on sores which had 
been cleaned up thoroughly to rid them of superficial pus. But Robertson (1908), working 
at the Tarawa Hospital of the Gilbert Islands Protectorate in Polynesia, apparently made 
a study of Musca domcstica infected in a natural manner. He arranged to have about 200 
house-flies caught in steri]i 2 ed glass jars by patients with yaws lesions when these insects 
came to feed on the lesions. The jars containing the flies were filled with sterile water 
and shaken ; later the water was centrifuged. Smear preparations were made on slides 
from the centrifuged precipitate and stained. Robertson reported that in only four of 
twelve slides examined did he find well-formed examples of what he called the “ Spirochaeta 
pertenuis of Castellani.” 

In the island of Jamaica, the commonest fly to be found feeding on yaws 
lesions and ulcers of all kinds is Hippelates pallipes Loew. The feeding habits 
of this fly and particularly the mechanism of regurgitation of a “ Ammit drop ” 
has led us to suspect that this insect might be of considerable importance as a 
natural vector of yaws. For it is relatively easy to demonstrate motile 
T. pertetiue in the “ vomit drops ” of these “ eye gnats ” after they have been 
fed on infectious framboesiomata. 

In investigating the potentialities of H. pallipes as a vector of yaws, one of 
the first things about which we felt the need of more accurate information was 
the length of time that T. pertenue remains alive in the flies after the infecting 
feed. Kumm, Turner, and Peat (1935) found that the majority of the ingested 
treponemes remained motile for about 7 hours in the oesophageal diverticula of 
the insects, whereas the spirochaetes that entered the midgut or the hindgut 
lost their motility very quickly. No motile T. pertenue could be demonstrated 
at intervals of 18 or 24 hours after the infecting feed. 

Other questions which followed in more or less logical sequence were ; 
^Vhat happened eventually to the ingested spirochaetes ? For how many days 

* The studies and observations on wliich this paper is based were conducted with the 
support and under the auspices of the International Health Division of The Rockefeller 
Foundation. 
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after the initial meal could non-motile T. pertenue be demonstrated anywhere 
in the alimentary tract of H. pollipes ? Was there any cyclical development of 
the spirochaetes in the fly, such as is known to occur with relapsing fever spiro- 
chaetes in ticks ? Could any evidence be found of invasion of the salivary 
glands of the insects with yaws spirochaetes ? Or did the spirochaetes migrate 
to the proboscis or anywhere else within the body of the fly ? To obtain definite 
answers to these questions 525 flies were dissected, at least 25 specimens of 
H. pallipes were examined every day for the first 14 days following an infecting 
feed and the same number after 21 and after 28 day intervals. 

By putting flies which had fed on infectious yaws lesions into petri dishes 
with a little dry granulated sugar, we have been able to keep sufficient numbers 
of insects alive for the periods of time required by this study. As a rule the 
petri dishes containing infected flies were stacked inside a wooden box for safe 
keeping. We have no evidence that storing the dishes in the dark inside this 
box had any effect other than keeping them from being bumped about on the 
laboratory desk. 

It would obviously have been preferable in making this study to have used 
clean laboratory bred flies. But up to the present we have not succeeded in 
breeding H. pallipes in the laboratory in sufficient numbers for this purpose. 
It was therefore necessary to use adult flies caught in nature. We assumed 
that such flies were not naturally infected with spirochaetes resembling 
T. pertenue or with that organism itself, because of the previously reported 
negative results of dissections of 200 flies caught in an area where there were 
no infectious cases of yaws. 

Number of Days following an Infecting Feed that T. pertenue 
CAN BE Demonstrated in H. pallipes. 

In order to obtain accurate data on the eventual fate of yaws treponemes 
ingested by H. pallipes, it was deemed advisable to make all dissections by a 
standard technique. Thus the results obtained on successive days would be 
^ comparable. 

A single preparation was made of the organs of each fly, and this preparation was 
examined in the darkfield microscope for 5 minutes by the clock. 

The alimentary tract of the fly was removed by the method previously described, 
except that we did not make separate preparations of the oesophageal diverticulum and of 
the stomach, but examined the entire digestive system in a single preparation. It was 
not feasible in every fly to remove the salivary glands together with the diverticulum of 
the oesophagus, because occasionally the lobes of the salivary glands broke loose from the 
crop. But it can be stated that in the large majority of the flies examined in this study, 
the saliva^ glands were included with the rest of the alimentary tract. Thus the prepara- 
tion examined under the darkfield microscope consisted of the two salivary glands, oesopha- 
geal diverticulum, proventriculus, midgut, hindgut, rectum, and Malphigian tubes, together 
with the contents of all of these organs, mashed out under a thin coverslip. The anatomical 
location and appearance of these organs in H. pallipes has been described by Kumm (1935). 

In addition to examining all of the organs connected with the digestive tract of the 
flies, the possibility that the treponemes might have migrated elsewhere outside the alimen- 
tary system was considered. With this in mind the probosces of the flies dissected after 
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21 and 28 day intcn'als were removed separately, and after being teased apart were 
mashed ovu and examined. Occasionally some of the thoracic muscle fibres were deliber- 
ately included in the proboscis preparation. Furthermore, any loose connective tissue from 
the abdominal cavity together with a few eggs and part of the oviducts and spermatheca 
were usually included with the preparation of the alimentary organs. Before dissecting 
out the digestive tract the head of each fly was cut off with a needle with a lancet point, 
in order to sever the oesophagus and the common salivar\' duct, and hence facilitate the 
removal of all the digestive organs in one mass. 

Although it was feasible to establish a standard technique for examining 
all of the 525 insects used in this study, it was not possible to infect them 
uniforml}'^ in the first place. The reason for this lay in the fact that various 
batches of flies were fed on different patients and on different lesions, and even 
if successive lots of flies were fed on the same lesion on successive days or during 
successive hours on a single day, they did not all become infected to the same 


Number of 
days following 
an infecting 
feed that Tre- 
poneina per- 
tenue can be 
demonstrated 
in Hippelates 
pallipes. 


PerccJiUge of flics 
dissected fouod iofected. 



lU Q 

9 


o 

** K 

^ a 


Tice siace lofectlcf feed la 


degree. By pure chance alone, some flies would select highly infectious places 
in a lesion, where they would ingest large numbers of spirochaetes. Other flies, 
feeding on the same lesion but in another area, might take in serum containing 
no T. pertemie at all or but a small number of these organisms. Therefore in 
each lot of flies five or ten insects, constituting a control group, were dissected 
and examined within a few hours of their infecting feed, to get an idea of the 
infectivity rate of the whole lot, that is the approximate number of spirochaetes 
per fly taken up in the first place. 

In all, fourteen experiments were run to obtain the required number of 
dissections at the various intervals of time following the infecting feeds. The 
number of T. pertemie found per fly on the day of the initial meal varied from 
zero to sixty-one in individual insects. And in these fourteen experiments thef 
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average figure for the control groups of five or ten flies, dissected to obtain the 
infectivity rate of the lots, varied from 1-6 to 19-1 spirochaetes per fly. In all, 
115 H. pallipes were dissected and examined on the day of their infecting feed 
to obtain these infectivity rates, and 1,116 7\ perteuue were found in these flies. 
This gave an average figure for all of 10-1 spirochaetes per fly, but one should 
■ not assume that that figure represents the total number of T. pcrtcnue taken up 

Table I . 

ReSUI.T,S of DARKFIELD EXA.MINTATION' of the digestive tract of H. pallipes, INCLUDING THE 
OESORHAGEAI. DIVERTICULUM AND SALIVARY GLANDS AT VARIOUS TIME INTERVALS 
FOLLOWING AN INFECTING FEED. 


Interval of Time 
since Infecting Feed. 

Number of 
H. pallipes 
Dissected 
and 

Examined. 

Number of 
Flies found 
Infected 
with 

T. pertenue. 

Percentage 
of Flies 
Dissected 
Found 
Infected. 

Total 

Number of 
T. pertenue 
Found in 
these Flies. 

Average 
Number of 
T. pertenue 
Found 
per Fly 
Dissected. 

Same day as the 
infecting feed 

11,-. 

108 

03*9 

1,110 

10-14 

1 day 

35 

10 

54’7 

47 

1-34 

2 days 

25 

4 1 16'0 

13 

0-52 

3, 4, 6, 6, 7, 8, 9, 10, 
11,12, 13, 14,21, 

28 days 

25 

each day 

0 * — 

( 

0 

— 


by an average fly feeding on an average infectious yaws lesion. Such an assump- 
tion would be incorrect. The figure of lO’l spirochaetes per fly is based on 
darkfield examinations lasting 5 minutes by the clock and no more. It is certainly 
true that in the case of heavily infected “ eye gnats ” an examination lasting 
only 5 minutes does not reveal all the T. pertenue that have been ingested by a fly. 

The graph (p. 267) and Table I show the results obtained from this study, 
and may be briefly summarized as follows. The number of T. pertenue, which 
could be found in H. pallipes following an infecting feed decreased rapidly after 
the day on which the flies had their initial meal. On the day following the 
infecting feed, less than half the flies contained yaws spirochaetes, and no 
organisms at all were demonstrated later than the second day after the Tneal 
on the patient. At no time could any T, pertenue be found in the salivary glands. 
Nor were spirochaetes seen in the proboscis or thoracic musculature of the 
flies after intervals of 21 or 28 days. And as no treponemes of any kind were 
seen after an interval of more than 2 days, it seemed definitely established that 
there was no extrinsic cyclical development of T. pertenue in H. pallipes. Pre- 
sumably then, the spirochaetes were digested in the midgut and hindgut of the 
flies very soon after they passed over from the diverticulum of the oesophagus. 
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The Natural Ineection of H. paUipcs with T. pcrienxic. 

With tlie knowledge that //. pallipes does not normally contain T. pevtemic 
or any other spirochaetes resembling that organism, and with a fairly clear idea 
of what eventually happens to ya^^'s spirochaetes ingested by Hippclaics flies, 
it became possible to study the natural infection of these flies and to find out 
how frequently such a condition occurred. 

To illustrate the manner in which //. pallipes fed naturally on the lesions 
of framboesia tropica, a photograph was taken of these flies endeavouring to 
obtain a meal on some yaws lesions in the popliteal space of the left leg of a 
small girl. Plate I is magnified about three times. Only three flies were 
attempting to feed on the right lower lesion in Plate I, because the scab was 
practically intact except for one small hole into which one of the flies had 
succeeded in inserting its head. A larger number of the insects were feeding 
in the cracks of the left lower lesion. But the upper of the three lesions showed 
the greatest number of all, because the scab had been broken off by the child 
and serum was e.\uding freely. The characteristic glistening black mesonota 
and the position of the wings of the flies while feeding is evident.'^ 

It is quite obvious that the method used to infect flies, in which the scab 
is removed, superficial pus wiped off with a piece of sterile gauze wet with normal 
saline, and fresh serum full of spirochaetes squeezed out from the lesion beneath, 
while good enough in itself, involved manoeuvres that would never occur in 
nature. If H. pallipes were to be of an)'’ real epidemiological importance as a 
natural vector of yaws, it would of necessity have to pick up T. perteniie readily 
under perfectly natural conditions, and not only from yaws lesions carefully 
cleaned up by artificial means. It was therefore decided to make dissections of 
flies fed on yaws lesions Avhich had not been touched or altered in the slightest 
manner from their original condition, to see if such flies became infected with 
treponemes or not. 

H. pallipes flies were caught in large bore glass tubes after they had fed to 
repletion on various types of yaws lesions in a perfectly natural state, and they 
were transported in these tubes to Kingston for subsequent dissection. When 
the lesion on the patient as he or she came into the treatment clinic had deep 
cracks, or part of the scab was broken off, the flies which fed in the cracl>s or 
on the area devoid of scab were captured in preference to insects which tried 
to feed on the dry surface of intact scabs. After the number of flies needed 
for dissecting purposes had been caught, the yaws lesion was carefully cleaned 
up by removing the scab, wiping off the purulent secretion with a sterile piece 
of gauze, and squeezing out fresh serum from beneath. This serum was 
examined at once by the darkfield technique to find out whether the lesion 
studied contained many T. perteniie in the first place. If it did not, all flies fed 
on that lesion were discarded. But if the expressed serum did contain a reason- 
able number of actively motile T. perteniie, that group of flies was dissected and 
the percentage of them infected was recorded. Of course no flies were ever 

* For Plate I the ^\T^ter is indebted to the skill of Mr. Denis M. Gick, of Kingston. 
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caught for dissecting purposes after a lesion had been cleaned up. Only those 
were used which had fed naturally before the darkfield examination was made. 

In recording the results no attempt was made to determine how many 
7’. perte7iue were ingested by each fly. A note was simply made as to whether 

Table II. 

Results oe dissections made to determine the .relative infectiousness for flies of 

VARIOUS types of YAWS LESIONS UNDER NATURAL CONDITIONS. 


Number 

of 

Lesions 

Examined. 

Type of 
Lesion 
Studied. 

Surface 

of 

Lesion : 
Dry or 
moist 
with 
Exuding 
Serum. 

Result of 
subsequent 
Darkfield 
Examina- 
tion of 

Lesion. 

i 

Number I Number 
of Flies 1 Infected 
Dissected i with 
and Motile 

Examined. ; T. pertenue. 

1 

Total 

1 Number 
Infected 
with 

T. pertenue. 

Per- 

centage 

Infected. 

4 

Primary’ 

Moist 

Many 

T. pertenue 

, 1 

59 25 ; .-)l 

80-4 

1 

Crab yaws 

Moist 

Very manj' 
T. pertemie 

48 19 

45 

93-8 

2 

Crab yaws 

Moist 

Few 

T. pertenue 

26 4 

18 

09-2 

4 

Crab vaws 
■ 

Dry 

Fair num- 
bers of 

T. perteime 

35 ' 3 

10 

44-4 

10 

Framboesi- 
f o r m on 
head and 
upper extre- 
mities 

Moist 

Many 

T. pertenue 

112 

37 

80 

70-8 

7 

Framboesi- 
f o rm on 
body and 
lower extre- 
mities 

Moist 

Many 

T. pertenue 

109 

32 

101 

92-7 

3 

Framboesi- 

form 

Moist 

Few 

T. pertenue 

28 

7 

17 

60-7 

9 

Framboesi- 

form 

Dry 

i 

Fair num- 
ber of 

1 T. pertenue 

82 

8 

21 

25*G 

40 


1 

1 

Totals 

500 

135 

355 

■ 71-0 

























IlL'NRY \V. KUMAr. 


271 


each individual fly was infected or not, and then the percentage of the group 
infected Avas calculated. However, it may be mentioned that some flies which 
fed naturally took in great numbers of treponemcs and others only one or two. 
The examination was not made for a standard interval of time. In the contents 
of the digestive tracts of some flies spirochaetes were found at once and in 
others only after a lengthy examination lasting 10 minutes or more. A single 
examination was made of the combined contents of the stomach and oesophageal 
diverticulum of each fly dissected. The presence of Spirochaeta refringens was 
recorded as well as that of T. pcric/nic, though the former observation was purely 
incidental to a search for the latter organism. 

The results of these dissections of 500 flies which had fed on forty different 
lesions are summarised in Table II. Although tiie patients were carefully 
classified into groups with regard to the location of their lesions on the body, 
the factor of the location of the lesion appeared to be of very minor importance. 
In a few instances two different lesions were studied on the same patient. This 
was done simply for convenience and probably influenced the final result but 
little. 

From the foregoing table it is evident that if a lesion was moist, or even if 
fresh serum Avas exuding through cracks in a broken scab, provided that this 
serum contained a reasonable number of T. pertenne in the first place, the flies 
would become infected. If, however, the lesion contained very few spirochaetes, 
or if the surface in the bottom of the cracks or where the scab was pulled up 
was dry, //. pallipes obtained few if any organisms. For example, two lesions 
situated on different sides of the abdomen of the same patient were studied. 
The first lesion wafe wet ; so flies fed well, and 91-7 per cent, became infected. 
The second was dry ; and of the few flies that were able to ingest a certain 
amount of the half dried serum, only 50 per cent, obtained T. pertenue. 

Lesions on the perineum were usually damp, and their scabs rubbed off 
by friction of the opposing surfaces. Such lesions proved highly infectious 
for flies. What is more, the flies came to feed in great numbers on perineal 
lesions, rvhen that part was e.xposed. Certain framboesiomata on the head and 
around the mouth also infected a high percentage of the insects which could be 
induced to feed on them. But in working on the upper parts of the bod}’, 
particularly the head and arms, much time was wasted because only an occasional 
H. pallipes would come to feed naturally. 

Only 27 per cent, of the flies examined contained motile treponemes. This 
percentage would have been higher if a long interval of time had not elapsed 
between infection and dissection in certain cases ; but a considerable proportion 
of the insects were dissected many hours after their infecting feed. 

Photographs were taken of two of the crab yaw lesions. Plate II shows a 
wet lesion which infected 93'S per cent, of the flies which fed naturally, while 
only 20 per cent, of H. pallipes obtained spirochaetes from the lesion shoAvn in 
Plate III, although large numbers of these insects can be seen crowding round 
the dry scabs on the boy’s feet. 
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With regard to certain flies which were found to be infected with 

S. refringens, when they were supposed to have fed on lesions infected with 

T. pertenue only, it is likely that these flies fed twice. They probably fed first 
on some lesion infected with S. rcfnngem, and then came to feed on the patient 
on whom we were working. As most of the patients were studied in conjunction 
with the yaws treatment clinics, such an occurrence would not be unlikely. 
It is but another indication that H. palUpes feeds intermittently on various 
lesions and persons. Because most of the natural infection rate dissections 
were made on flies caught on patients at the yaws treatment clinics, it cannot 
be asserted that the treponemes found in these flies always came from the 
identical lesion on the patient which we were studying. But as the major portion 
of the material ingested by each fly came from the lesion under investigation, 
it is likely that most of the spirochaetes originated in the same place. 

Primary lesions and crab yaw lesions are particularly dangerous as a source 
of natural infection of flies, because they rarely have intact scabs and are usually 
exuding fresh infected serum in large amounts. The T. pertenue rate was as 
high as it was because, in almost all cases, we deliberately dissected only flies 
which had fed naturallj' on lesions containing at least a fair number, and pre- 
ferably a large number, of yaws spirochaetes, as shown by subsequent 


examination. 


Summary. 


Treponema pertenue has not been demonstrated in Plippelates pallipes later 
than 48 hours after the infecting feed, nor has any evidence been found of invasion 
of the salivary glands or proboscis, or of cyclical development of the spirochaetes 
in the fly, up to 28 days after the initial meal on a yaws lesion. 

H. pallipes readily becomes Infected with T. pertenue under natural conditions 
from lesions on any part of the body, though the fly feeds by preference on the 
perineum or on the lower extremities. Of 500 flies dissected in this portion of 
the study, 71 per cent, were found naturally infected. 

Three important factors appear to be necessary to the natural infection of 
flies seeking food at a yaws lesion : 

(fl) The scab should not be intact. 

(6) The surface of the lesion should be moist, or exuding serum, but not 
pus, freely through cracks in the scab. 

(c) T. pertenue must be present in abundance in the lesion itself. 
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A STUDY OF THE REACTION TO PMLEBOTOMUS BITES 
WITH SOME REMARKS ON “ HARARA.” 

BY 

OSKAR THEODOR, Pii.D.*^ 

{Deportment of Parasitology, Hebrew University, Jernsalem). 


The reaction to phlebotomus (sandfly) bites has received considerable 
attention because of their particularly unpleasant consequences. In Palestine 
the reaction to sandfly bites has often not been connected with these insects 
by the inhabitants, and it was considered as a skin disease, known locally as 
“ harara ” until Dostrowsky (1925), on the basis of clinical observation, showed 
that ” it was nothing else than the reaction to sandfly bites ” in newcomers to 
a sandfly countr3L 

There are a number of clinical observations on this reaction but scarcely 
any e.xperimental work has been carried out on this subject until Boycott (1928) 
studied it with material sent to London from Jerusalem. Boycott’s work will 
be discussed below in connection with the work described in this paper, 

I recently spent some months in London, studying the physiology of 
Phlebotomus papatasii in the Department of Entomology, London School of 
Hygiene and Tropical Medicine. This rdsit gave me an excellent opportunity 
of studying the reaction to sandfly bites of a population in which previous 
contact with phlebotomus could be definitely excluded. 

Technique. 

Female Phlebotomus papatasii one or more days old were put in test tubes and placed 
on the skin on the inner side of the foreaiTO. The distance from a transverse fold of the 
wrist was recorded and an interval of 3 to 4 cm. was left between successive e.xperimental 
bites. As the reaction persisted for some weeks, there was no difficulty in recognising 
individual bites. Altogether about 30 persons volunteered for the biting experiments, 
of whom the majority had never left England. In a nvimber of volunteers regular experi- 
ments were carried out every 3 to 8 days, for 2 to 3 months. In several cases, only one 
experiment was carried out in order to establish the kind of first reaction they gave. On 


* I have to thank Dr. Katzenellenbogen of Jerusalem for putting his dermatological 
material and experience at my disposal and to Professor Klopstock, Tel Aviv, for his 
advice in the serological questions involved. 

I have also to thank all those who kindly volunteered for the rather unpleasant biting 
e.xperiments. 
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each occasion one to twenty sandflies were allowed to bite on an area covered by a test- 
tube. The number of bites obtained was usually two or three times the number of sandflies 
in the tube. 

It is necessary to define some terms used in this paper for the reactions 
described : the statements of former authors have often been ambiguous because 
they have not used clear morphological definitions for the lesions observed. 

The lesion referred to as a papule in this paper is from 1 to 3 mm. in 
diameter as a rule, hard, raised and reddish ; and it persists for weeks. A wheal 
is a raised, whitish, soft lesion whicli appears within a few minutes after the bite 
and disappears within one hour. The interval between bite and appearance of 
the lesion is termed incubaiion period. 

Description of the Reaction. 

All authors call attention to the needle-like pain of the bite, which is later 
followed by itching. But not all sandfly bites are painful, and it is often impossible 
to say whether a sandfly sitting on the skin is biting or not. Sandflies often 
gorge themselves without the bitten person feeling anything at all. The fact 
that the bite of the same sandfly a minute later on a different point may cause 
pain, suggests that only bites in the neighbourhood of nerve endings, or possibly 
special types of nerve endings, are felt. 

First reaction . — In nearly all bitten persons there is no immediate visible 
reaction, except a tiny haemorrhage in the skin and perhaps a small droplet of 
blood oozing out of the wound. After the biting is completed and the pain 
ceases, no irritation or itching is recorded. 

After an interval of usually 4 days or more there appear at the site of the 
bites raised, hard, reddish papules of 1 to 2 mm. in diameter, there is intense 
itching, generally at night, which subsides temporarily and starts again at intervals. 
The shortest observed incubation period for a first reaction was 3 days in one 
case; it was 4 days in five cases and in the other cases the first reaction appeared 
after 8 to 14 days, during which time no further biting e.xperiments were carried 
out. In one case a reaction appeared as late as 34 days after the bite, during which 
time several biting experiments had been carried out. Judging from this and 
a number of other observations it seems that every individual bite reaction 
develops independently as regards incubation period and that, at least in the 
first few bitings, the process is definitely localised and not influenced by bites 
on other spots. 

The incubation period seems to be longer in women than in men. In six 
out of seven female volunteers the first reaction appeared S to 14 days after the 
the bite, while one gave no reaction at all to sandfly bites. All the cases with 
incubation periods of 3 to 4 days were males, and only in four out of sixteen 
males did the reaction appear later than 8 days after the bite. 

There were only three instances out of thirty in which no first reaction 
appeared at all, and these cases subsequently proved absolutely refractory to 
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sandfly bites. Two of these three cases had not been previously exposed to 
sandfly bites. 

In three cases white raised wheals with surrounding erythema appeared at 
the site of the bites within 5 to 15 minutes and disappeared in one hour without 
leaving any trace and without any subsequent reaction. Two of these cases 
had been bitten by sandflies 20 years ago in Mesopotamia, during tlie War, and 
one of the same two was also bitten 7 years ago by sandflies sent to London 
from Jerusalem. Their wheals were about 5 to 7 mm. in diameter. 

One similar case (out of six) has been recorded by Boycott. His volunteer 
“ H. D. W. was much exposed to phlebotomus in the East in 1917 to 1919. 
His bites began to wheal within 5 minutes.” 

In only one case, similar but smaller wheals, 3 mm. in diameter, were 
observed in a volunteer who had never left England. (It is perhaps interesting 
to note that this volunteer is the uniovular twin brother of Volunteer No. 1 
who gave a papule reaction as described above and developed a wheal reaction 
only after 2 months continuous biting.) 

In three cases the papules developed into small blisters. First the top of 
the papule became yellowish, fluid collected and blisters of about 3 mm. in 
diameter Avere formed. These dried up after several days and scaled. 

Subsequent reactions . — In the later biting experiments on the same volunteers 
there was a considerable shortening of the incubation period as the following 
table shows. 


Table I. 

Incubation Period in Days. 


Volunteer 

Number. 

Experiment 

1 

Experiment 

2 

Experiment 

3 

Experiment 

4 

Experiment 

5 

Experiment Experimen t 
6 I 9 

1 

4 

4 

1 

1 

10 hours 

10 min. 
wheals 


6 

3 

2 

1 

1 

1 

1 

10 min. 
wheals 

4 

12 

7 

1 

1 

1 

1 

10 min. 
wheals 

11 

4 

4 

1 

1 

10 min. 
wheals 

• 


13 

1 







16 

13 

1 


\ 

1 
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The intensity of the reaction increased gradually in subsequent experiments, 
the papules were larger, more strongly inflamed and irritating. Inflammation 
of the surrounding area appeared, and became gradually more marked until in 
several cases the whole forearm became swollen and oedematous, the temperature 
raised, the lymphatic vessels to the elbow inflamed and the supra-trochlear 
glands enlarged. This occurred generally after the third or fifth biting experi- 
ment. In subsequent experiments on the same volunteers this general inflamma- 
tory reaction disappeared again gradually and in subsequent experiments the 
reaction became again similar to that of the first biting experiments, except that 
the incubation period remained brief. In still later experiments the character 
of the reaction changed completely and white wheals appeared immediately 
after the bite. This occurred in one case after six biting experiments during 
1 month ; in another case, after five experiments during 6 weeks ; and in two 
cases after nine experiments during 2 months. During the whole time of the 
experiments the wheal reaction remained constant after it had once appeared, 
except that the wheals increased in size. They generally appeared 5 to 15 
minutes after the bite and persisted for 30 minutes to one hour. Papules appeared 
in these cases as usual 24 to 48 hours after the bite and remained visible for 2 to 
3 weeks, sometimes even 1 month. A brown pigmentation remained on the 
sites of the papules long after these had disappeared, so that all biting experi- 
ments were clearly mapped out on the skin during the 4 months in which the 
experiments were carried out. 

A typical example of the whole course of the biting reactions in one volunteer 
is given in Table II. 

Reactivation of Bites. 

An interesting phenomenon is the so-called repeating of the reaction as 
has already been described in the case of bites of other insects, e.g. bugs and 
lice, and is also a well-known phenomenon in other skin affections. 

In several instances it was observed that old sandfly bites, which had given 
the papule reaction described above, were reactivated, after the original papules 
had disappeared, by new bites on a different place, e.g. on the other arm. The 
following cases are examples of this reactivation. 

In Volunteer 1 the first bites on 14th November became inflamed again 
after 13 days (27th November) during which time three more biting experiments 
had been carried out. The reactivating bite on 27th November was accompanied 
by the strongest general inflammatory reaction observed in this particular 
volunteer. 

In Volunteer 6, the first two sets of bites, on 8th and 11th December, flared 
up again on 15th December simultaneously with the bites of 14th December. 

In Volunteer 11, the bites of 20th December and 12th January became 
inflamed again on 24th January together with the bites of 23rd January. (See 
Table II.) 
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DiUe, Experiment 1, | Experiment 


Experiment R. 


Experiment -1. 


Experiment o. 


20.12.34 12 bites. Ko im- j 

mediate reaction j 


24.12.34 Papules appear, j 
No irritation 


7.1.30 Papules still per- 
sistim: 


12.1.3.7 

Papules going 
down 

10 bites. No im- 
mediate reaction 

10.1.30 

Papules disap- 
peared. Pig- 

mentation 

Highly inflamed, 
itching papules 
appear 

20.1.35 


In f lamma t ion 
stopped. Pap- 
ules small as in 
Experiment 1 



I 

4.1.35 Papules inflamed Papules inflamed Papules much in- 
ngain. Intense aj^ain. Intense flamed. Erythe- 

irritation irritation nia, swelling of 

I surrounding area. 

Intense irritation 


2S.1.3r) Papules smaller. Less irritation 



Irritation and in- lo bites. No im- 

flammation less. mediate reaction 

Papules well de- 
fined, smaller 


Highly swollen and 
inflamed area 7 X 
7 cm. Lymphatics 
inflamed to elbow. 
Intense irritation 


Inflamed area lar- 
ger, 15 K S cm. 
Oedema. Intense 
irritation 


Papules small. No Inflammation dis- IS bites. Jnwicdi- 
irritation appeared. Pap- ate wheal reaction 

ulcs well defined. 

Less irritation 


Inflammation and 
swelling o x 5 cm. 
All symptoms less 
marked than in 
Experiment 4 


Inflammation dis- 
appeared. Pap- 
ules well defined 
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Such a reactivation of old bites was observed only once in each volunteer 
during the course of the experiments. 

De-sensitization. 

A complete de-sensitization was not observed during the relatively short 
period of the experiments, but the reduction in the intensity of the reaction, 
compared with that following the initial bites, in volunteers who had passed 
through a period of intense and generalised inflammatory reaction, may be 
considered as commencing de-sensitization. 

Observations in Palestine indicate that, in time, a de-sensitization does 
take place, for people generally do not complain about sandfly bites except: in 
the first few years of their residence, while those continuously exposed to sandfly 
bites for years finally cease to react at all, although originally they gave a strong 
reaction. Apparently the process of de-sensitization takes one or more years 
to be completed, the time required for de-sensitization varying in different 
individuals. 

De-sensitization may disappear after the cessation of exposure to biting, 
e.g. in one case an exposure of several months to sandfly bites in Mesopotamia 
in 1917 was followed by de-sensitization from 1918 to 1920. No further exposure 
to sandfly bites occurred till 1924. In this year sandfly bites again gave a reaction 
followed by subsequent indifference from 1925 onwards. 

Local Immunity. 

In order to see whether a local immunity had been produced, sandflies 
were allowed to feed on persons who had developed a wheal reaction after 
continuous biting, on the sites where the original papule reaction had disappeared 
completely. The new bites were carried out 3 weeks or more after the first 
bites. The wheal reaction however developed on these spots in exactly the 
same way as on normal skin. 


Discussion. 

Several authors call attention to the great individual differences in the 
reaction to sandfly bites. Eysell (1924) describes a reaction (after Doerr) in 
which no pain is felt at the time of the bite, a small haemorrhage is produced 
and no further reaction appears. This probably corresponds to the ordinary 
papule reaction described above and because of the late appearance of the 
papules they have apparently not been connected with bites 4 to 14 days 
previously. He then describes an immediate wheal reaction with a subsequent 
papule reaction. These cases had probably been bitten previously. He also 
describes a third rather rarer kind of reaction, which starts with an enormous 
wheal followed by infiltration. 24 or 48 hours later a small blister which increases 
in size to 1 cm. in diameter appears on the site of the bite. Such a reaction is 
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generally accompanied by a generalised oedema of the regions concerned. 
Eysell terms this a “ hyperergic ” reaction. This will be discussed later. 

Pawxowsky, Stein and Perfiljew (1932) quote a number of descriptions 
of the reaction to sandfly bites by older authors which are in agreement with 
the observations recorded above. They give a photogrdph of the hand of a person 
bitten by Phleboiomits major, obser\'ed by Professor Markow in the Crimea, 
showing a blister reaction as described by Eysell. In their own experiments 
they record the immediate appearance of wheals which is later followed by the 
development of papules which persist from S to 14 days. They do not state 
however with which species of Phlchotomits they were working and whether the 
people bitten in the experiments had been previously bitten or not. The observa- 
tions recorded here all refer to Phlehotomus papatasii and it is of course possible 
that the reaction to the bites of otlier species is different. 

In the light of the results described above it is necessary to correct several 
interpretations of the bite reactions given by Boycott. He considers it as a 
rule that first bites do not give any reaction whatsoever. Hesta es : “All volun- 
teers were completely negative at the first biting.” It seems however that he 
did not wait long enough for the first reaction to develop and that he carried out 
further biting experiments before the first reaction could have appeared 
normally. He then considered the appearance of the first reaction as a reactiva- 
tion of the old bites by the later bites. He states ; “ It is a very striking thing 
to see a batch of bites on the left wrist remain completely quiescent and invisible 
for 10 days and then blaze out into irritable wheals some 20 hours after the 
same insects have been fed on the right arm.” 

A reactivation of old bites certainly does occur as recorded above but it 
can only be considered to have taken place in such cases in which a reaction had 
previously developed and subsided again. It appears therefore that there was 
no reactivation of old bites in Boycott’s cases but a normal late appearance of 
the first reaction. 

In one of Boycott’s cases (Volunteer J. M.) a reaction appeared 16 days 
after the bite “ after he had been rather freely bitten by ‘ midges ’ at Worth 
Matravers in Dorset.” He assumes “ that either Phlebotomns proteid sensitizes 
a human to the proteid of some English biting fly or that Phlebotomns itself 
occurs in Dorset.” Since the above experiments show that the first reaction 
may appear as late as 14 days or more after the bite, there is no need for such 
an assumption and the case in question presumably showed a late first reaction 
without any connection with the later bites of other insects. 

Boycott uses the term “ wheal ” for a reaction which appears after 24 hours 
and which he describes as “ singularly hard and lasting and a source of annoyance 
for a week or a fortnight.” From this description it is safe to assume that the 
lesions referred to were what are termed papules in this paper except in the case 
which gave an immediate reaction and had been bitten during the War in the 
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The experiments recorded here confirm Boycott’s interpretation of the 
reaction to sandfly bites as an allergic phenomenon, i.e. a process of sensitization. 
The results obtained with phlebotomus are in accord with those observed by 
other authors for other insects, e.g. the experiments of Kemper (1929) with bed 
bugs. In one case Kemper obtained a shortening of the incubation period from 
7 days at the beginning of the experiments to 3 hours after one year’s continuous 
biting ; and in another a shortening from 24 hours to an immediate 
reaction after 4 months biting. The wheals increased in size from 
4-5 mm. in diameter at the beginning to 8-5 mm. after 2 months, and 
then became gradually smaller (6 mm. after 4 months, 3 mm. after 7 months, 
2 mm. after 8 months) until after 9 months no reaction at all was obtained. 
The duration of the wheals gradually decreased from 9 hours in the beginning to 
a few minutes after 7 to 8 months. The state of complete lack of reaction 
was not permanent. After one month’s interruption of the biting experi- 
ments new bites produced wheals of 3 mm. diameter. 

The shortening of the incubation period in phlebotomus, the increase of 
the intensity of the reaction in subsequent bites until generalised inflammation 
appears, and finally the change in character of the delayed reaction with papules 
into an immediate reaction with transient wheals clearly suggest that a process 
of sensitization is taking place, which is then followed by a relatively slow process 
of de-sensitization. 

It remains to be investigated whether the appearance of two different 
reactions, viz. papules and wheals, is due to different antibodies, or whether 
the wheal reaction represents a higher stage of intensity of the papule reaction. 
For the purpose of this paper the wheal reaction is considered as a sign of rather 
far progressed sensitization. The persistence of this state of sensitization 
throughout 20 years as observed in the three cases giving an initial wheal reaction 
is in accord with observations on other allergic phenomena. It seems that people 
in whom the process of sensitization is interrupted remain in this stage 
indefinitely. 

The reactivation of old bites by later bites on different places is generally 
interpreted as a localized production of antibody by the first sensitizing bites, 
the minute traces of new antigen transported by the blood and lymph stream 
to these places being apparently sufficient to bring about the observed reaction 
(see Hecht, 1933). 

The development of papules into blisters should probably not be considered 
as a higher stage of sensitization. In all cases in which the formation of blisters 
was observed, they appeared as a reaction to the first bites. No blisters ever 
appeared in people who reacted with papules at the beginning. It is possible 
that the formation of blisters is due to an especially marked individual disposition 
to exudative processes. Similar reactions with formation of big or small blisters 
have been reported by several authors for different insects, e.g. Culicoides, 
Svmilmm, mosquitoes, etc, The term of “ hyperergic reaction ” of Doerr for 
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the production of big blisters is therefore perhaps not very suitable and it remains 
to be investigated whether this “ hyperergic ” reaction is a stage of sensitization 
of the initial reaction with small blisters or whether it is the reaction of people 
constitutionally disposed to especially heav’’y exudation. 


Attempted Passive Sensitization. 

In order to get additional evidence for the interpretation as an allergic 
phenomenon, attempts to produce passive sensitization after the method of 
Praussnitz-Kustner were carried out. 

This method has first been used in the study of insect bites by Hecht 
(1930) in his attempts to establish the allergic character of the reaction to the 
bites of bugs and anopheles. He showed that a reaction with wheals could be 
transmitted passively bj' injection of serum intracutaneously into persons who 
had given no reaction previously. In the same paper Hecht gives an extensive 
review of the literature on the allergic character of the reaction to insect bites. 

Experiment 1. — Blood was taken from Volunteer 7, who gave a strong immediate 
wheal reaction and 0-2 c.c. of his serum was injected intracutaneously into three persons. 
Of these, two (t^’clunteers S and 10) were completely refractory to phlebotomus bites and 
one (Volunteer 3) had acquired a complete non-susceptibility after having been bitten 
throughout many years by sandflies. 

After 24 hours sandflies were fed on the site of the injection and on normal skin as 
a control. 

In Volunteer 3, wheals of 4 to 5 mm. diameter surrounded by a strong erythema of 
5 to 6 cm. diameter, accompanied by strong irritation, appeared at the site of the experiment 
within 5 minutes. The wheals and the erythema persisted for one hour. Faint reddish 
papules were still visible 24 hours afterwards. No reaction was observed on other places 
on which sandflies fed simultaneously. 

There was a very faint and indefinite reaction in Volunteers S and 10. 

Experiment 2. — Blood was taken from Volunteer 1 who had developed a wheal reaction 
after six biting experiments during one month. 0-2 c.c. of serum was injected intra- 
cutaneously into Volunteers 3, S and 19 (Volunteer 19 had developed an initial papule 
reaction after 5 days). 

No definite positive reaction was obtained in Volunteers 3 and 19 but a very peculiar 
thing occurred in Volunteer 8. No positive reaction was obtained at the site of the injection, 
but when he was bitten again one hour later on a spot 10 cm. distant from the site of the 
injection a strong positive reaction was obtained with wheals and an erythema of 6 cm. 
diameter which persisted for 30 minutes. When he was bitten 3 hours later, 2 cm. distant 
from the place of the positive reaction, no reaction was obtained. 

The positive result on Volunteer 3 cannot be considered as a plain 
Praussnitz-Kustner reaction as Volunteer 3 was in a state of de-sensitization and 
his allergic status cannot be defined exactly. No attempt is made to explain 
the peculiar reaction in Volunteer 8. The negative or doubtful results in the 
other volunteers also do not allow any definite conclusions as it is known that 
the Praussnitz-Kustner reaction gives negative results in a considerable per- 
centage of cases. Altogether the experiments are too scanty for drawing con- 
clusions and they will be continued. 
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The Reaction to Sandfly Bites and its Relation to the “ Harara ” 

OF Palestine. 

Newcomers to Palestine often complain of a skin eruption of urticaria type. 
Face, arms and legs are covered with intensely irritating papules of different 
size. In some cases the papules develop into small blisters which in rare cases 
reach the size of 7 mm. in diameter. They are filled with clear or sometimes 
haemorrhagic sterile fluid. They usually become septic in a short time by 
scratching so that the original clinical picture is often completely obscured. 
This condition is commonly known as “ harara ” in Palestine. 

Dostrowsky (1925) concluded, on the basis of clinical observation, that 
this skin condition was “ nothing else than the reaction to phlebotomus bites ” 
and he gives the following reasons : 

1. Season . — Most cases of harara occur at a time when sandflies appear in 
Palestine, i.e. May to June. 

2. Localisation of Lesions . — The papules of harara have exactly the same 
distribution on the body as sandfly bites. 

3. Harara is mainly a disease of newcomers to the country ; and after 
having excluded the effects of heat and solar radiation on clinical grounds, he 
assumes that the newcomers are exposed to the bites of an insect not occurring 
in their native country and he comes, per cxclusionem, to the conclusion that 
this insect is Phlebotomus whose bites produce lesions similar to those observed 
in harara as described by Doerr and Russ. The occurrence of haemorrhagic 
blisters in harara corresponds, according to Dostrowsky, to those described by 
Eysell (1924) as a hyperergic reaction to sandfly bites. 

Szentkiralyi and Loerincz (1933) in Hungary describe a number of rather 
typical cases of harara with papule and blister reaction and a few cases with 
generalised symptoms (lymphangitis, oedema, fever). They confirm Dostrow- 
sky’s observations and his views on harara as the reaction to phlebotomus 
bites. 

Through the kindness of Dr. Katzenellenbogen, Jerusalem, I had the 
opportunity of seeing a number of what he considered typical cases of harara. 
They corresponded in every detail with the lesions caused by the bites of phlebo- 
tomus as described above. 

The lesions consisted generally of small reddish papules as described as 
typical in the third and fourth biting experiments at the beginning of the 
sensitization process. In some cases they were uniform, which suggests that 
they were just in the state of reactivation and, as this is generally accompanied 
by violent irritation, the patients usually go to the doctor at this stage. In other 
cases papules of different sizes and different stages of reduction were found. 
In a few cases blisters were present which were identical with those described 
above in three cases. No blisters of the “ hyperergic ” type of Doerr were seen 
and Dr. Katzenellenbogen informs me that such cases are very rare indeed. 

Several cases of harara with ver)" distinct types of lesions were chosen and 
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single sandflies were allowed to bite on different points. The reaction to the 
bite of the sandfly was exactly identical in every case with the type of lesions 
already present. 

Case 1. — Most of the lesions were papules of about 2 mm. diameter. A few lesions 
at the wrist were 7 to S mm. in diameter with surrounding erjthema and very strong 
irritation. These were reported to be one day old. 

Sandflies were biting at 5 p.m. Next morning papules of 2 to 3 mm. diameter appeared 
and grew during the day to the size of 7 mm. diameter with very severe irritation and 
surrounding erythema. After a further 24 hours they had returned to the size of the other 
papules. The experimental lesions corresponded in every detail to the ones already 
present. The occurrence of lesions of 7 mm. diameter as reaction to a single bite suggests 
that the patient was apparently at the stage of maximal inflammation and swelling as 
described above at the height of the sensitisation process. 

Case 2. — ^Arms covered with blisters of about 3 mm. diameter filled with clear yellow 
fluid. 

Sandflies were biting at 5 p.m. Next morning papules appeared at the site of the bites 
which developed within 24 hours into ty'pical blisters corresponding in every detail to the 
blisters already present. 

The following is a description of a case of harara of especially marked 
allergic character. I am indebted to Prof. A. Klopstock, Tel- Aviv for putting 
this report at my disposal. 

The patient came to Palestine in tlie middle of July, 1933, and was bitten by sandflies 
in Jerusalem. In the end of July he felt that the papules produced by the bites became 
gradually larger and more strongly irritating. In the beginning of August in Haifa there 
developed a very annoying general condition, all papules (mainly on arms and legs) were 
strongly inflamed, old bites flared up and all were itching intolerably. The back of the 
hands became oedematous and asthmoid symptoms set in. All these symptoms disappeared 
after about 7 days. Since then the reaction to sandfly bites is not very strong and especially 
the subjective symptoms are much fainter than before. The patient in question has always 
been inclining to allergic reaction (hay fever). 

The observations recorded above and the clinical observations suggest that 
the clinical condition known as harara is based on a certain allergic status, z.e. 
the height of the sensitization process. It is clear that in persons especially 
disposed to allergic reaction symptoms of harara are particularly severe and 
generalised. 

It would therefore be more exact to define harara as the reaction to phlebo- 
tomus bites at the height of the process of sensitization. 


Summary. 

1. The reaction to the bite of Phlehotomus papatasii has been studied in a 
population, in which previous contact with phlehotomus was definitely excluded. 

2. The course of the reactions obtained confirms former views that a 
process of sensitization takes place in a relatively short time, which is later 
followed by a slow process of de-sensitization. 

3. The view that the “ harara ” of Palestine is due to phlehotomus bites 
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is confirmed experimentally, and harara is defined as the reaction to phlebotomus 
bites at the height of the sensitization process. 
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ORAL LEISHMANIASIS IN THE ANGLO-EGYPTIAN SUDAN. 

BY 

R. M. HUMPHREYS, D.M. (Oxon.), 

AND 

F. S. M.AYNE, M.B., F.R.C.S.E.* 

Sudan Medical Sei'vicc. 


Only one case of oral leishmaniasis has ever been reported from the African 
Continent — the one recorded by Christopherson (1914) in a Sudanese. 

During the last eigliteen months the writers have met with three cases — 
one British and two native — in the Anglo-Egyptian Sudan where in certain 
areas visceral leishmaniasis is fairly frequent. 

Case I. — Native male, aet. 45 years. 

A year ago he began to feel pain in all his teeth, especiall}'^ the molars, and 
then the gums began to swell ; later there was difficulty and pain on swallowing 
with the sensation of a foreign body in the throat. Examination showed a 
lobulated growth occupying the posterior part of the hard palate, the whole of 
the soft palate, the tonsils and extending along the inner side of the gums of 
the upper jaw (see Plate, Fig. 1). There were similar lobulated tumours in the 
nasophar)mx and nares. The tumours were soft and spongy and in places 
showed ulceration. While scrapings from an ulcer on the tumour were negative, 
puncture of the growth revealed the presence of leishmania. 

*We are greatly indebted to Dr. E. S. Horgan for his pathological and bacteriological 
investigations and to Mr. N. Macdonald for his excellent photographs. 

We wish to thank The Director, Sudan Medical Service, for permission to publish this 
paper. 
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The liver was enlarged 3 in. below the costal margin and the spleen which 
was hard extended 1 in. below the level of the umbilicus. No leishmania were 
found by splenic puncture. Examination of the blood did not show any abnor- 
mality or any parasites. The Kahn reaction was negative. 

Treatment. 

This case was under observation for 5 months and during this period he 
was given intravenous injections of antimony tartrate (grains 14) followed by 
neostibosan (grains 32^). Six weeks later another course of antimony tartrate 
injections totalling 22i- grains was given. 

At the end of the second course his condition had greatly improved ; the 
tumours in the mouth, the nose and throat had markedly decreased and the 
patient could breathe easily and sleep undisturbed. There was little alteration 
in the size of the liver and spleen. 

Four months after his discharge from Khartoum Hospital he was admitted 
to another hospital with ascites and emaciation and died shortly afterwards. 
Unfortunately no note was made of his oral condition nor was a postmortem 
examination carried out. 

Case II. — British male, aet. 41 years. 

1927. — Noticed purple patches on gums beside eyeteeth. Consulted 
dentist at home. Pyorrhoea diagnosed. 

1927 to 1929. — Despite treatment, grew worse and gums swelled and pus 
formed. 

1930. — Pipestem accidentally driven into palate and wound refused to heal. 
Had long sick leave : saw many specialists, surgical, dental, pathologist, etc. 
Diagnosed as chronic lupus, carcinoma atypical, etc. — later these diagnoses were 
withdrawn. All teeth extracted as condition considered of dental origin. 

1930 to 1934. — Condition spread over palate and throat and ulcers present 
on gums, throat, floor of mouth and palate. Cheeks, tongue and lips swelled 
at intervals and partially subsided only to swell again. Unable to wear dentures 
with comfort and only able to wear them at all when swellings subsided a little. 

1934. — Seen by one of us when floor of mouth, gums, tongue, cheeks and 
lips were swollen and apparently in state of chronic inflammation with small 
ulcers. 

Direct smears from ulcers were negative but a smear from a freshly excised 
portion of gum showed leishmania. The floor of mouth, palate and gums, 
and also the inner aspect of the cheeks, had the appearance of granulation tissue 
with small ulcers. (This patient’s personal servant had had kala-azar in 1927.) 

Section of excised tissue showed a comparatively avascular granulation 
tissue rich in lymphocytes, large mononuclears, endothelial and plasma cells. 
No parasites were seen in section. The section might have been one of any 
■ subacute infection. 
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The lower incisor teeth instead of being loose were now firmly fixed. 
There was no alteration in the size of the liver and spleen nor had the pigmenta- 
tion of the face and chest changed. 

Conclusions. 

(1) Three cases of oral leishmaniasis (espundia) — one British and two 
native — are reported and the results of treatment arc given. 

(2) Antimony is effective in curing this condition but must be given in 
larger doses and over a longer period than in visceral leishmaniasis ; compare 
results of treatment of Case I with Cases II and III. 

(3) Two of the three cases give a history of injury to the mouth, and 
trauma of the oral mucous membrane appears to predispose to local infection 
with leishmania. 
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LVMPHOSTATIC VERRUCOSIS.* 
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Colonial Medical Service, Nigeria. 


Loewenthal (1934) has described from Uganda eleven cases of an 
obscure foot lesion which he named “ lymphostatic verrucosis.” The disease 
differs from true “ moss)- foot,” and is associated with chronic oedema and 
elephantiasis. The following case would appear to be an example of this 
condition. 

The patient was an Ibo male farmer aged about 50, who was admitted to a district 
hospital complaining of septic condition of both feet, duration 1 year ; and ankylosis of 
right Imee, duration 9 months. There was no histoiy' of local injurjL 

Both feet were septic and very foetid. The plantar surface was moist and sodden, and 
was covered withinnvunerable, dense outgrowths (Plate, Figs. 1 and 2). Most of these w’erc 
filiform in appearance, and varied in size from fine, hair-like processes to structures as 
thick as a stout needle. Some of the outgrowths were nodular, the largest being about 
the size of a large pea. Except for a few nodules on the dorsum, the outgrowths were 
confined to the plantar aspect and particularly the sides of the feet. This was unlike 
Loewenthal’s cases, in which the “ moss ” did not appear on the plantar surface. On 
incision, the condition seemed to affect the skin only, the subcutaneous tissue being some- 
what oedematous but otherwise normal. No fungus W'as seen in scrapings from the out- 
growths, nor was there anything suggesting leishmania from any of the nodules. 
A septic condition of the toes and nails was present. There w'as no itchiness, no pain or 
tenderness, and there were no sinuses. The skin of the dorsum of the feet, and the skin of 
the legs was thickened and ichthyotic, but there was no pitting on pressure. There was 
fibrous ankylosis of the right knee, which was fixed in the semi-flexed position. There 
was slight oedema of the right thigh, and very slight, but definitely noticeable, elephantoid 
condition of the skin of the scrotum and penis. The spleen and liver were not palpably 
enlarged. Small, painlessly palpable femoral and inguinal glands were present. 

There was no history of syphilis, but there was a doubtfully negative history of yaws. 

Blood : Kahn strongly positive. No malaria parasites or microfilariae. 

Stools : Ova of ancylostome and ascaris. 

Urine : No albumin, casts, or sugar. 

By the courtesy of Dr. Elmes, the Pathologist at Lagos, the following report was 
obtained on specimens forwarded for section : 

“ 1. The largest piece, (i) a structure like new growth, which might be neuroma or 
angioma or neither, (ii) Hyperkeratosis, (iii) Great sub-epithelial oedema and telangi- 
ectasis.” 

“ 2. Sections from blocks show the hyperkeratosis, the myxomatous or oedematous 
condition, and the telangiectasis.” 

* Published by permission of the Director of Medical and Sanitary Sendee, Nigeria. 
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Treatment. — A course of iodides and N.A.B., with local antiseptic applications and rest 
of the patient in bed and elevation of the feet, produced only slight temporary diminution 
in the size of the verrucosities. The grossly septic and foetid condition of the feet made 
the application of an elastic binder for any prolonged period out of the question. 

It was later ascertained that the patient died at home about 3 months after leaving 
hospital, i.e., about 18 months after the onset of disease, presumably from toxaemia and 
exhaustion from septic absorption. 


Comment. 

Various diagnoses were offered by colleagues who saw this case or its 
photograph : “ verrucose leishmaniasis ” ; “ dermatitis verrucosa ” ; “ mossy 
foot.” The condition only superficially resembles the real “ mossy foot,” which 
is probably very rare in West Africa. ” Mossy foot ” is said by Manson-Bahr 
(1931) to be caused by a fungus, and to occur usually only on the dorsum of the 
foot ; the sole of the foot escapes, and the full development of the disease is 
slower than in the present case. The clinical and histological appearances agree 
essentially with those of the “ lymphostatic verrucosis ” of Loewenthal, 
though the local distribution is somewhat different. He recognises three stages 
of the disease, namely, a preliminary “ velvet skin ” stage, a verrucose, and an 
ulcerative septic stage. As in his cases, the essential pathology here would 
appear to be one of lymph stasis, oedema, and hyperkeratosis. The slight but 
definitely elephantoid appearance of the thigh and genitalia in the present case 
suggests that the condition is a manifestation of, or is at least associated with, 
elephantiasis, which might or might not have been due to filariasis, an endemic 
disease in these regions. The undoubted association of the disease with elephan- 
tiasis inclines one to venture the opinion that the name “ elephantiasis 
verrucosa ” is probably just as good a one for it as that proposed by Loewenthal. 

Summary. 

1. An example of the condition termed “ lymphostatic verrucosis ” has 
been described. 

2. Its essential pathology, namely, lymph stasis, chronic oedema, and 
hyperkeratosis, is stressed. 

3. It is suggested that, having regard to its association with elephantiasis, 
an alternative name, namely, ” elephantiasis verrucosa,” might also be applied 
to the condition. 
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FURTHER STUDIES ON THE POLYNUCLEAR COUNT IN IRAQ.* 

BY 

WALTER P. KENNEDY, Ph.D.. L.R.C.P. & S., Capt- R.A.M.C. (T.), 

AND 

IAN MACKAY, M.B., Ch.B., D.P.H., Flt .-Lieut. R.A.F. (M.S.). 

From the Royal College of Medicine, Baghdad, and the R.A.F. General Hospital, Hinaidi, 


In a recent study by one of us (Kennedy, 1935) it was reported that the 
polynuclear count, or Cooke and Ponder’s modification of the Arneth count, 
of the natives of Iraq showed a marked shift to the left as compared with the 
health standard in Britain. This would at first indicate an infective state. The 
men studied, however, were all in apparent health ; and as the limited facilities 
available prevented a full clinical investigation, one could not exclude the 
possibility of widespread yet low-grade infection (helminthic, malarial, gonor- 
rhoeal, and so on). Still one was unwilling to accept on the evidence that so wide- 
spread and active an infection did exist among the subjects. The possibility of 
a racial factor entering in had also to be considered as the material was drawn 
from Kurds, Arabs and Jews. To discover whether infection or race were 
influential, further counts were made on 134 British airmen and officers stationed 
at Hinaidi near Baghdad. 

*This paper is published with the permission of the Director-General of Health, 
Baghdad, and of the Air Ministry. 

F 
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This population afforded considerable advantages. The medical standard 
for admission to the Royal Air Force is a very high one. All the subjects had 
good health records since coming East. None had shown minor ailments (colds, 
sore throats, diarrhoea) for over three weeks. Many had just undergone the 
rigorous annual medical examination of the R.A.F. pilot. In fine, the health 
standard of the group is comparable with the stringent selection of Cooke and 
Ponder’s original series. Most of the men had been in Iraq for over a year, 
and all for at least six months. The environmental conditions were very uniform 
throughout the group, the age distribution was narrow. In this way we obtained 
a population which gave a very fair contrast to an indigenous “ healthy ” sample 
taken at random. Additional counts were made of 13 healthy Arabs to bring 
the original figure of 121 to the number of the British group. 

The samples were collected between May and June, that is about a month 
earlier than the previous Iraq series, but the temperature was abnormally high 
for the season, the shade maxima varying between 100° and 115° F. This was 
the same range as on earlier occasion. The smears were all made between 
10.00 hours and 12.00 hours. They were stained with standard Giemsa, and 
100 cells examined. Both observers counted each slide to eliminate personal 
errors, and the different figures thus obtained agreed very closel3L As the 
methods and criteria of the count were detailed in the earlier paper in this 
journal (Kennedy, 1935) and in Cooke and Ponder’s book, further reference 
to them is unnecessar}’’ here. 

A group of representative pathological cases, British and Iraqi, were also 
studied to discover the extent of the shift in disease. Since intensity of illness 
is an incommensurable, no “ accurate ” comparison can be made with a like 
group in Britain. However, the clinical picture of acute pneumonia, subacute 
salpingitis, and so on, is sufficiently defined to give a permissible degree of 
comparison. The full counts of a representative selection of these cases is given 
in Table II (page 296). 

When the research was partly completed the results were found to agree 
closely with the Iraqi figures, and this suggested that animal counts might also 
be compared with British standards. Rabbits were chosen as Kennedy (1931) 
had already published figures for them. Owing to scarcity only 32 rabbits were 
used. Postmortem examination showed that they were healthy. 

Results. 

The weighted mean of the polynuclear count is a more sensitive measure 
than the Arneth index. It is found by multiplying the total cells in each class 
by the number of the class, summing the results, and dividing by the number 
of cells counted. The average weighted means and relative statistics are given 
in Table I, in which the normal figures for Iraq, Britain (Cooke and Ponder), 
and Kennedy’s figures have been included for comparison, and in addition 
pathological groups for Britain and the East. 
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Table I. 



Number 

of 

Cases. 

Average 

Weighted 

Mean. 

Standard 

Error. 

Standard 

Deviation. 

Coefficient 

of 

Variation, 

High 

Mean. 

Low 

Mean. 

Iraq 

134 

1-994 

0-024 

0-273 

13-7 

2-68 

1-37 

Hmaidj 

134 

1-935 

0-019 

0-222 

11-42 

2-60 

1-35 

Edinburgh 

90 

2-628 

0-020 

0-190 

7-23 

3-05 

2-18 

Britain 

90 

2-740 

0-019 

0-180 

0-57 

3-11 

2-47 

(Cooke and 
Ponder) 








Pathological 

Cl 

1 -380 

0-019 

0-IG4 

11-9 

1-87 

1-08 

(Eastern) 








Pathological 

18 

1-930 

0-031 

0-277 

14-42 

2-46 

1-32 

(British) 









The average weighted means for the airmen, and for the native Iraqi after 
adjustment for the additional cases, corresponded to counts which actually 


occurred as follows : — 

I 

II 

III 

IV 

V 

Weighted 

Means. 

Airmen 

30 

49 

18 

3 

0 

1-94 

Iraqi 

26 

51 

21 

2 

0 

1-99 


36 

34 

25 

5 

0 

1-99 


The presence of double maxima indicates an unsteady state of polymorph 
production, but none such were observed in either the present or the earlier 
Iraqi series. 

Applying the formula for standard deviation of the difference between two 
means to the Hinaidi and Iraq results, it is found that o diff. — 0-0290 while 
the difference between the means is 0-059. This is only very little more than 
twice the former figure which indicates that the difference in the distribution 
is not statistically significant. 

Pai has recently published some results of the polynuclear count of Chinese 
and British in Moukden (China) and British in Leeds. His figures may be con- 
sidered with the present ones as his counts have been personally checked by 
Cooke, who has likewise controlled the counts made by one of us. MacLeod 
has conducted a similar study, and we can also consider his results along with 
our own, as he too acquired the technique from the same group of workers. 
It has not been thought justifiable to discuss at any length the results of other 
investigators who either used Arneth’s original criteria, or have not defined 
exactly the basis of classification of the cells. 




29 ^ 


TIIF. POLYNUCLKAR COUNT. 


Figure 1 gives frequency polygons of the weighted means of the airmen 
at Hinaidi, the amended Iraqi group, and Cooke and Ponder’s original health 
standard. While the broad facts of a population distribution are well enough 
shown by such a diagram some of the finer points are obscured. A closer 
comparison can be made by using an ogive curv^e which records every'^ observa- 
tion. This is given in Figure 2 for Kennedy’s British results, Pai’s healthy 
Chinese, the native Iraqi, and the airmen. The difference between the first two 
and the last two is obvious, and equally striking is the similarity between the 
British airmen stationed in Iraq and the indigenous population. As infection 



Fig. 1. — Frequency polygons of weighted means ; A, British airmen : B, Iraqi nationals ; 

C, Cooke & Ponder’s health standard group. 

has been eliminated, and as diet cannot be considered a potent influence since 
the airmen’s food does not greatly differ from that at home, it may be concluded 
that race is not a significant factor. The remaining possibility is some environ- 
mental influence, and climate appears at once to be the most obvious one. The 
importance of climatic conditions in relation to the polynuclear count has already 
been indicated by Kennedy and Flint (1930) who found that cases of surgical 
tuberculosis treated in the Swiss Alps had a more right-handed count than 
similar cases in Britain. This was then ascribed to heliotherapy as Kennedy 
and Thompson (1927) had shown that irradiation with ultra-violet light produced 
a deflection of the counts in rabbits. 

MacLeod studies 25 cases from each of 11 widely scattered localities. He 
does not give extended counts, but for comparison we have incorporated the 
means and extreme ranges of his figures in the graph. Figure 3. Abels’s results 





Fig. 2. — Ogive graphs of weighted means : I. Kennedy’s Edinburgh group ; 11, Pai’s 
, Chinese group : III, Iraqi nationals : and IV, Airmen at Hinaidi. 



Fig. 3. — Ogive graphs of weighted means of British pathological cases, upper curve ; 
and Eastern pathological cases, lower curve. Line diagrams of the ranges and average 
weighted means of the present data (healthy cases), and that of authors mentioned in the 
text. The diagrams from Greece to Melbourne inclusive are derived from MacLeod. 
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for New York are included, and Lyndhurst Duke’s for Uganda. The weighted 
means for the latter have been calculated from the author’s tables, and inserted 
because of the interest of the locality ; but they cannot be considered strictly 
comparable as the original Arneth criteria were used in this case. 

To economise space Figure 3 also contains ogive curves for pathological 
groups, one British, one Eastern. The British curve is a composite one consisting 
of means calculated from the counts given by Cooke and Ponder (45 cases) by 
Pai( 13 cases from Leeds) and 20 of our own cases from Edinburgh (unpublished). 
The counting standards of all these three are comparable. The cases included 
pleurisy, pneumonia, osteomyelitis, puerperal sepsis, and the like. The group 
we have called Eastern is composed of 41 of our own cases, British and Iraqi, 
to which we have added 10 calculated from Pai’s figures, as they are spaced 
evenly through our own distribution, and as we are only interested here in showing 
that a significantly greater left hand shift occurs with pathological cases in the 
East than in Britain. Extended counts of 21 of our cases are given in Table II 
to illustrate the polynuclear picture. 


Taule II. 



Classes. 


I. 

11. 

111. 

IV. 

V. 

Weighted 

Means. 

Malaria 

f)2 

8 

0 

0 

0 

1-08 

Hilhar/tiasis 

8(1 

10 

1 

0 

0 

M2 

Phlebotomus fever 

88 

11 

1 

0 

0 

M3 

Malaria 

84 

15 

1 

0 

0 

M7 

Lymphatic leukaemia 

82 

17 

1 

0 

0 

1-19 

Puerperal sepsis 

79 

20 

1 

0 

0 

1 *22 

Snake bite 

80 

17 

3 

0 

0 

1-23 

Pleurisy c effusion 

77 

20 

3 

0 

0 

1-20 

Salpingitis 

75 

21 

4 

0 

0 

1-29 

Acute rheumatism 

74 

23 

3 

0 

0 

1-29 

Splenic anaemia 

73 

24 

3 

0 

0 

1-30 

Septicaemia 

76 

18 

6 

0 

0 

1-30 

Malaria 

74 

20 

6 

0 

0 

1-32 

Pleurisy 

69 

26 

5 

0 

0 

1-36 

Acute appendicitis 

69 

25 

6 

0 

0 

1-37 

Pneumonia unresolved 

64 

32 

4 

0 

0 

1-40 

Osteomyelitis 

58 

34 

7 

1 

0 

1-51 

Burns c sepsis 

56 

34 

10 

0 

0 

1-54 

Pyelitis 

53 

38 

0 

0 

0 

1-66 

Pheblotomus fever 

53 

39 

7 

1 

0 

1-66 

Parametritis 

50 

38 

10 

2 

0 

1-04 
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Only 32 rabbits were available while the group determined in Britain 
numbered 73, but when the freighted means of each were plotted as frequency 
polygons, the Iraq rabbit counts are plainly much more left handed. If the 
numbers could be equalised there is no possibility of the graphs approximating 
closely enough to obliterate the difference. 



Fig, 4, — Frequency polygons for weighted means for rabbits in Iraq, whole line ; and in 

Britain, dotted line. 


Discussion. 

At the present stage little can be offered as an explanation of the marked 
differences in the polynuclear counts detailed above. Climatic conditions appear 
to be a likely determinant, the ultra-violet radiation and heat are probably 
important factors. Both are certainly capable of causing a left-handed deviation 
of the count. The former has been referred to alread)'', and one of us has found 
that exposure to the intense dry heat of a Turkish bath causes a significant left- 
hand shift (Kennedy, unpublished observations). 

Left-hand deviations are produced by stimuli to the leucogenic centres, by 
accelerated removal of polymorphs from the circulation, or by both. Isolated 
stimuli to the bone marrow, e.g. ether anaesthesia, produce an unsteady state 
of the count, that is, successive counts show the wave of increase passing from 
Class I through Class II to Class III and so on, frequently emphasised by the 
presence of double maxima. The effect of a single stimulus dies away in about 
three weeks. Continued stimulation without a parallel acceleration of removals 
would produce a leucocytosis, the reverse of leucopenia. We have no indication 
that any of these occur in, our healthy populations. Here it would appear that 
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a balance has been attained between increased removal and leucogenesis. There 
is some evidence indicating the probability that the rate of leucocyte destruction 
and removal from the circulation exercises a kind of automatic control on cell 
production, the stimulus being derived from the breakdown products of the 
polymorphs. The reason for the shorter life of the leucocyte in the circulation 
still requires elucidation. 

Surprisingly little interest has been taken in the relation between the 
physiology of the normal individual and meteorological conditions. ' This is 
especially striking when one reviews the vast literature on the seasonal incidence 
of disease, and on the prevalence of certain diseases, non-parasitic or unconnected 
with insect vectors, in definite climatic regions. There is much need for 
systematic exploration of the field, for example, along the lines of Petersen’s 
illuminating and stimulating researches. It is to be hoped that further oppor- 
tunities may be found here and elsewhere for more extensive studies of a like 
nature. 


Summary. 

The polynuclear count of healthy British airmen in Iraq is not significantly 
different from that of the indigenous population. Both these groups are definitely 
deviated to the left as compared with the health standards in Britain. Patho- 
logical cases in Iraq show a greater degree of deviation than similar British cases. 
Normal rabbit counts are also more left handed. It is suggested that the most 
probable causative factor is climatic. 
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THE DEMONSTRATION OF THE HAEMOPOIETIC PRINCIPLE 
IN CHRONIC PELLAGRIC ACHYLIA. 

BY 

M. SALAH, M.B. (Cairo), M.R.C.P. (Lond.), D.T.M., D.T.H. (Liv.). 

(From the Research Institute and Endemic Diseases Hospital, Public Health Department, Cairo.) 


In a series of investigations on anaemias in Egypt, the extreme rarity of 
Addisonian anaemia was demonstrated (Salah, 1935), despite the presence 
of various conditions associated with achylia gastrica. 

Pellagra is of common occurrence in the farmers; the presence of achylia 
gastrica was demonstrated by the writer, using the alcohol, histamine method, 
in one third of these cases. This is a far smaller figure than that reported by 
other workers, and previously by the writer, using the fractional oatmeal method. 
Investigations into the nature of this achylia in pellagra suggest an inflammatory 
basis which progresses with recurrent attacks to an atrophic condition of the 
gastric mucosa with a tendency to recovery of gastric secretion in exceptional 
cases only (Salah, 1933). 

The great similarity between pellagra and Addisonian anaemia shows 
itself not only in the clinical manifestations common to both conditions, e.g., 
glossitis, achylia gastrica, cord lesions, remissions, etc., but also in their etiological 
origin from a deficiency state. Their response to various kinds of treatment 
is also, more or less, similar. Vitamin G deficiency in rats could be prevented 
and cured by ventriculin (Spies and Grant, 1933). Liver diet and extract 
have shown beneficial effects in certain manifestations of pellagra in the hands of 
some workers (Ruffin and Smith, 1934), although this was not the experience 
of the writer when misleading temporary improvements resulting merely from 
the hospitalization were excluded. Yeast and marmite possess a prompt 
curative effect on some pellagric manifestations, and have been shown to produce 
a remission in some forms of pernicious anaemia, e.g., tropical megalocytic 
anaemia of India (Wills, 1931) and some cases of hyperchromic anaemia 
associated with idiopathic steatprrhoea (Vaughan, 1932). 

That acquired achylia could give rise to a megalocytic hyperchromic 
anaemia is accepted ; this should only occur if the process in the stomach 
affects as well the formation of the intrinsic haemopoietic principle by the 
gastric mucosa. 
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Thus, demonstration of the intrinsic haemopoietic principle in the gastric 
secretion of chronic pellagric patients with achylia gastrica is attempted in this 
paper to explain the non-occurrence of a pernicious blood picture in these 
cases. 

Castle’s (1929) test for demonstrating the haemopoietic principle in any 
gastric secretion by mixing it with beef and introducing it into the stomach 
of a P.A. (pernicious anaemia) patient and examining his blood for a reticulocytic 
crisis could not be applied in Egypt owing to the absence of the test patient 
(a pernicious anaemia patient). Morris (1933) has shown that if a concentrated 
normal gastric juice, is injected intramuscularly into a P.A. patient, a prompt 
and sustained reticulocytic crisis and remission follows. This has been recently 
confirmed by TocHOWicz (1934). So, a modification of Castle’s test will be 
the injection of the concentrated gastric juice to be tested into a P.A. patient 
instead of incubating it with beef and then introducing it orally. 

In the present investigation, search was made for an experimental animal 
with anaemia responding to the injection of normal gastric juice by reticulocytic 
crisis. Pigeons on grain diet were shown to develop megalocytic anaemia, 
and it was suggested that these might be used for testing the efficacy of various 
liver extract preparations by noticing the reticulocyte response following their 
administration. Vaughan (1930), however, showed the great lability of the 
reticulocytes of pigeons and thus their unsuitability for such a procedure ; the 
writer obtained similar results. 

Recently Singer (1935), using white rats, was able to get their reticulocytes 
down to a constant level by putting them on a milk diet ; if now normal gastric 
juice is injected into these rats, a reticulocytic rise occurs within 2 or 3 daj's 
and disappears on the 5th day. Using this method, R.R.R. (rat reticulocytic 
reaction), he was able, in controlled experiments, to show that this reaction 
is positive with gastric secretion from normal stomach, achylic stomach without 
anaemia, achylic hypochromic anaemia, haemolytic anaemias ; and it is negative 
if gastric secretion of Addisonian anaemia is used or if the normal gastric juice 
is heated to destroy the intrinsic principle. Accordingly he concluded that 
the reaction demonstrates the presence or absence of the haemopoietic principle 
in any gastric secretion. 

These results have been later confirmed by Hitzenberger and Paschkis. 
Barath and Fulop (1935) have utilized this reaction for demonstrating even 
quantitative differences in the content of haemopoietic principle. 

Following Singer’s technique, 22 white rats were put on milk diet and 
bread ; after 2 to 4 weeks, the reticulocytes fell to the level of 4-19 per mille 
and remained at that level after an initial value of 80-100 per mille. The 
reticulocytes were • counted by a method previously described by the writer 
(Salah, 1933), which was used instead of Kammerer’s method employed by 
Singer, as it sho-^’-ed more constant results. 

Five chronic pellagra patients with achylia gastrica negative to histamine 
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and two ank 3 dostomc anaemia patients with achylia gastrica (one negative and 
one positive after histamine) were chosen for tliis purpose. 

The gastric juice was collected after histamine injection of 1 mg., the 
fasting stomach being repeatedly washed with distilled water beforehand. 

The following table shows the results obtained by injecting the gastric 
secretions of these cases into white rats with constant low reticulocytic counts ; 
each was injected into two rats. In addition, the results of injecting the gastric 
juice of three of these cases after the destruction of the haemopoietic factor by 
heat, are also given for comparison. 


Case. 

Condition 

of 

Gastric 

Secretion. 

Reticulocytes of Rats. 

Before 

Injection 

Af 
Inject 
Gastri 
5 c 

ter 

ion of 
c Juice, 

.c. 

Before 

Injection. 

After 
Injection 
of Heated 
Gastric 
Juice, 

5 c.c. 




Rat 2. 

1 

Chronic pellagra, 

Achylia : ") 


m 






S.C.D. 

histamine > 

14 


38 

29 

15 

11 



negative J 







2 

Chronic pellagra, 

do. 

12 

16 

42 

38 

14 

14 


Lateral sclerosis 








3 

Chronic pellagra. 

do. 

16 

13 

45 

46 

— 

— 


Bilharzial dysenterj' 








4 

Chronic pellagra 

do. 

14 

15 

52 

32 

— 

— 

5 

Do. 

do. 

12 

10 

36 

53 

11 

13 

6 

Ankylostome anaemia 

do. 

18 

9 

57 

33 

— 

— 

7 

Do. 

Achylia : 'j 









histamine > 

13 

19 

43 

47 

— 

— 



positive J 








It can be seen from the above table that the achylic gastric juices of, five 
chronic pellagra patients and two ankylostome anaemia patients are capable of 
producing reticulocytosis in rats kept anaemic with low reticulocytes on milk 
diet, i.e., a positive R.R.R. (rat reticulocytic reaction). According to Singer 
this means the presence of the haemopoietic principle in the gastric secretion 
of these cases. 

These findings show that the gastric lesions of chronic pellagra do not 
interfere with the formation of the intrinsic haemopoietic principle ; thus 
explaining the non-occurrence of hyperchromic megalocytic anaemia in this 
condition. 
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MIGRATION OF MICROFILARIAE. 


The donor was anaesthetized with 15 c.c. of 5 per cent, nembutal intra- 
peritoneally. The thoracic and cervical ducts were isolated and cannulated. 
The flow of lymph was free and very full of fat. The cervical lymph had a count 
of 1,720 microfilariae per c.c. and that obtained from the thoracic duct, 1,160 
per c.c. The dog was bled to death at 12 o’clock noon from the femoral artery. 
A total of 1,050 c.c. blood was collected in beakers containing heparin dissolved 
in saline. The beaker was agitated continually during the bleeding. 

The recipient was likewise anaesthetized with 8-5 c.c. nembutal. The 
thoracic and cervical ducts and a collecting lymphatic of the right hind leg 
were isolated and cannulated. A few granules of heparin were added to each 
cannula to prevent coagulation. The flow of lymph from the thoracic duct 
was free but slight massage was necessary to produce adequate flow from the leg 
and cervical ducts. A total of 450 c.c. blood was withdrawn from the right 
femoral vein and was replaced with 1,000 c.c. of the donor’s heparinized blood 
injected into the same vein. 

Ten minutes after completion of the transfusion the blood of the recipient 
showed 178,000 microfilariae per c.c. Approximately 0-5 c.c. of lymph taken 
at this time from the thoracic duct showed three active microfilariae. This 
lymph was slightly blood-tinged. Within the following hour 48 c.c. lymph 
was collected from the thoracic duct. The specimen was centrifuged at high 
speed. The sediment contained 18,200 microfilariae. 

Twenty-five minutes after completion of the transfusion one microfilaria 
was found in 5 c.c. lymph massaged from the leg. A total of 211 microfilariae 
were obtained an hour later in 1-5 c.c. lymph from the leg. Samples of 
lymph (5 c.c. in all) taken from the cervical duct were negative up to 3 hours 
after transfusion. At that time, however, 9 microfilariae were found in 3-1 c.c. 
lymph. 

Upon cisternal puncture 7 c.c. of clear fluid was obtained. This fluid 
was centrifuged at high speed for 5 minutes. The sediment contained 464 
microfilariae. All microfilariae recovered from the recipient were alive and 
appeared normally active. 

The dog was then killed by an intravenous injection of chloroform and 
autopsied. No abnormalities were noted. The tissues removed for later 
microscopic study were fixed in Zenker’s solution. 

Histology. 

Histological study of sections of tissue removed and fixed at autopsy of 
both donor and recipient showed that the microfilariae are disseminated in every 
part of the body. They appeared in greatest numbers in the lungs, liver and 
kidneys. No larvae were found in sections of the stomach or intestines. So 
strikingly similar were the sections of both donor and recipient that they need 
not be considered separately. 

The lung sections showed numerous larvae in the large arteries, veins and 
capillaries and an occasional one in the alveoli. There were in the liver numerous 
microfilariae extended in the veins and in the sinusoids. 




Fig. 1. — Microfilariae (Dirofiloria) in the capillaries of a 

glomerulus. 



Fig. 2. — Microfilaria lying between tubular capillaries 
of the kidney. Whether this organism lives in or out 
of the intertubular capillarj' could not be determined. 
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The donor was anaesthetized with 15 c.c. of 5 per cent, nembutal intra- 
peritoneally. The thoracic and cervical ducts were isolated and cannulated. 
The flow of lymph was free and very full of fat. The cervical lymph had a count 
of 1,720 microfilariae per c.c. and that obtained from the thoracic duct, 1,160 
per c.c. The dog was bled to death at 12 o’clock noon from the femoral artery. 
A total of 1,050 c.c. blood was collected in beakers containing heparin dissolved 
in saline. The beaker was agitated continually during the bleeding. 

The recipient was likewise anaesthetized with 8-5 c.c. nembutal. The 
thoracic and cervical ducts and a collecting lymphatic of the right hind leg 
were isolated and cannulated. A few granules of heparin were added to each 
cannula to prevent coagulation. The flow of lymph from the thoracic duct 
was free but slight massage was necessary to produce adequate flow from the leg 
and cervical ducts. A total of 450 c.c. blood was withdrawn from the right 
femoral vein and was replaced with 1,000 c.c. of the donor’s heparinized blood 
injected into the same vein. 

Ten minutes after completion of the transfusion the blood of the recipient 
showed 178,000 microfilariae per c.c. Approximately 0-5 c.c. of lymph taken 
at this time from the thoracic duct showed three active microfilariae. This 
lymph was slightly blood-tinged. Within the following hour 48 c.c. lymph 
was collected from the thoracic duct. The specimen was centrifuged at high 
speed. The sediment contained 18,200 microfilariae. 

Twenty-five minutes after completion of the transfusion one microfilaria 
was found in 5 c.c. lymph massaged from the leg. A total of 211 microfilariae 
were obtained an hour later in T5 c.c. lymph from the leg. Samples of 
lymph (5 c.c. in all) taken from the cervical duct were negative up to 3 hours 
after transfusion. At that time, however, 9 microfilariae were found in 3-1 c.c. 
lymph. 

Upon cisternal puncture 7 c.c. of clear fluid was obtained. This fluid 
was centrifuged at high speed for 5 minutes. The sediment contained 464 
microfilariae. All microfilariae recovered from the recipient were alive and 
appeared normally active. 

The dog was then killed by an intravenous injection of chloroform and 
autopsied. No abnormalities were noted. The tissues removed for later 
microscopic study were fixed in Zenker’s solution. 

Histology. 

Histological study of sections of tissue removed and fixed at autopsy of 
both donor and recipient showed that the microfilariae are disseminated in every 
part of the body. They appeared in greatest numbers in the lungs, liver and 
kidneys. No larvae were found in sections of the stomach or intestines. So 
strikingly similar were the sections of both donor and recipient that they need 
not be considered separately. 

The lung sections showed numerous larvae in the large arteries, veins and 
capillaries and an occasional one in the alveoli. There were in the liver numerous 
microfilariae extended in the veins and in the sinusoids. 




Fig. 1. — Microfilariae {Dirofilaria) in the capillaries of a 

glomerulus. 



Fig. 2. — Alicrofilaria lying between tubular capillaries 
of the kidney. Whether this organism lives in or out 
of the intertubular capillary could not be determined. 


V) face pa}ic 




Fig. 3. — Microfilaria lying between muscle fibres of the left ventricle. 
Note complete absence of a host reaction. 
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In the kidney microfilariae were frequently found in the glomeruli and in 
the intertubular capillaries. A glomerulus may contain from four to five 
organisms. When thus crowded with microfilariae the capillaries of the 
glomerulus occasionally showed some oedema but no other pathological 
change. The microfilariae appear, for the most part, to follow the course of the 
capillaries through a glomerulus and were much coiled. However, an occasional 
microfilaria was found extending straight across a glomerulus which would 
indicate that a few break out of these vessels at this point. It would appear, 
however, that very few are discharged into the urine, for no living or dead 
microfilariae were encountered in the sediment of about 40 c.c. urine withdrawn 
from the bladder of a heavily infected dog in a previous experiment. Although 
microfilariae may be held up in the glomeruli, it appears that the delay is 
temporary only, for fairly large numbers of larvae were found in the veins. 

A few microfilariae were found about the capsule of the spleen and 
frequently occurred in the pulp of both donor and recipient. In an early experi- 
ment none was found in this organ of an infected dog. 

The number of microfilariae encountered in lymph nodes was always small. 
They were found most frequently in the intermediary sinuses in the depths of the 
gland. The popliteal and iliac nodes and nodes from the mesenteries and 
anterior mediastinum were studied. 

Tremendous numbers of microfilariae were noted in the large arteries 
of the pericardium. Numerous larvae were also found in the myocardium, 
particularly in the left ventricle. For the most part, they lay parallel to the 
muscle fibres but in several instances evidence of the capillary is not apparent 
and they appear to lie free between the muscle fibres. 

Sections of brain tissue adjacent to the lateral ventricles showed numerous 
microfilariae in the veins and capillaries. None was seen in the brain tissue 
itself. In a previous experiment, however, a single larva was seen for nearly 
its entire length in this tissue. There was no evidence of the capillary about it 
nor in its immediate vicinity. 

No gross pathological changes were noted at autopsy of either donor 
or recipient. The sections showed only an occasional slight oedema of 
the capillaries of a crowded glomerulus. All microfilariae noted appeared 
structurally normal and, for the most part, appeared to have been in 
active progression at the time of fixation. No cellular reaction of any sort has 
been noted against these parasites in this and previous experiments on the 
migration of microfilariae in the body of the host. 

Fifty-two female and 39 male adult Dirofilaria were obtained from the right 
ventricle and pulmonary artery of the donor. None was found elsewhere. 
An examination of the reproductive system of 35 female worms showed all to 
contain undeveloped eggs, embryonated eggs with active embryos in various 
stages of development, and myriads of microfilariae. 

Figs. 1 and 2 are drawn from sections of the left kidney and Fig. 3 from the 
muscles of the left ventricle of an infected dog of an earlier experiment. The 
relation of the microfilariae to host tissue shown in these drawings is typical 
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of that encountered in all the tissues of both the donor and recipient of the 
present study. No cellular reaction on the part of the host has been noted. 
The entire absence of a foreign body reaction is striking. The fate of micro- 
filariae which fail to be taken up by the proper insect host still remains unknown. 

Discussion. 

These experiments show that microfilariae (Z). immitis) not only readily 
pass through the peripheral capillaries but also leave the blood stream and enter 
the lymphatics. Here again, the question arises as to how far these findings 
with Dirofilaria can be applied to human infection with Wtichereria bancrofti. 
There has been a rather general belief that unsheathed microfilariae are capable 
of further active migration than sheathed forms, that is, the sheath would act 
as an impediment. It was shown, however, in a previous paper (Drinker 
et al. 1935) that sheathed microfilariae {Loa loa) are as active and as capable 
of travel as the unsheathed microfilariae of Dirofilaria. Knott (1935) 
encountered only unsheathed microfilariae of Wuchereria in a human subject 
with elephantiasis days after a blood transfusion with blood from an infected 
donor. This patient had had no attacks of filaria fever for a year and his 
blood was negative for microfilaria at the time of the transfusion. This 
observation would indicate that microfilariae of Wuchereria may escape from 
their sheaths should they become lodged in the capillaries. 

In the present experiments, no difference has been noted in the behaviour 
of microfilariae or in responses of the host to them in either infected or filaria- 
free hosts. Knott, however, has observed that while microfilariae ( Wuchereria) 
may pass through the peripheral capillaries of a filaria-free host (man), they 
failed to do so in a subject showing clinical signs of filariasis. 

It was also observed by Knott that when microfilariae [Wuchereria) are 
injected into a filaria-free subject they exhibit typical nocturnal periodicity. 
This finding is significant and runs counter to the theory that the mechanism 
of filarial periodicity [W. bana'ofti) is due to a simultaneous daily parturition 
of the females, involving the destruction daily of as many microfilariae as are 
produced. It appears that we are still without a satisfactory explanation for 
filarial periodicity. 

Summary. 

1. An experiment is reported in which microfilariae [Dirofilaria imtnitis) 
have been injected into the circulation of an uninfected dog. 

2. It has been shown in both donor and recipient that microfilariae readily 
leave the circulation and enter lymphatics. No evidence of a cellular reaction 
on the part of the host has been found in relation to living microfilariae. 
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RECTAL ANAESTHESIA. 

BY 

H. S. HOLLENBECK, M.D. 

Elende, Ctivia, Avgola, Portuguese West Africa. 


We have been using rectal anaesthesia for some years in our mission 
hospitals in Angola. This method has proved so useful and the results so satis- 
factory that we feel justified in presenting a brief report. 

We were led to try out this method by such considerations as the following: — 
(1) The cost of the anaesthetic ; (2) The necessity for the surgeon to operate 
with the help of only partially trained African assistants ; (3) The unfavourable 
results sometimes met with in the use of chloroform. 

The rectal method of administering ether gave promise of meeting the 
conditions well, since it is economical in the use of ether, simple to administer 
and relieves the surgeon of the strain of watching the condition of the patient. 
We have used it in a series of over fifty cases without any unfavourable results. 
It has proved an ideal anaesthetic in long, tedious operations and in operations 
on elderly people with weak hearts. It has been used in the following opera- 
tions : goitre, appendicitis, ovarian tumour, hysterectomy, extra-uterine preg- 
nancy, hernia and amputations. After the operation the patient usually sleeps 
quietly for some hours. Vomiting is rare and there were no lung complications. 
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of that encountered in all the tissues of both the donor and recipient of the 
present study. No cellular reaction on the part of the host has been noted. 
The entire absence of a foreign body reaction is striking. The fate of micro- 
filariae which fail to be taken up by the proper insect host still remains unknown. 

Discussion. 

These experiments show that microfilariae (D. immitis) not only readily 
pass through the peripheral capillaries but also leave the blood stream and enter 
the lymphatics. Here again, the question arises as to how far these findings 
with Dirofilaria can be applied to human infection with Wnchereria bancrofii. 
There has been a rather general belief that unsheathed microfilariae are capable 
of further active migration than sheathed forms, that is, the sheath would act 
as an impediment. It was shown, however, in a previous paper (Drinker 
et al. 1935) that sheathed microfilariae {Loa loa) are as active and as capable 
of travel as the unsheathed microfilariae of Dirofilaria. Knott (1935) 
encountered only unsheathed microfilariae of Wuchereria in a human subject 
with elephantiasis 2i days after a blood transfusion with blood from an infected 
donor. This patient had had no attacks of filaria fever for a year and his 
blood was negative for microfilaria at the time of the transfusion. This 
observation would indicate that microfilariae of Wuchereria may escape from 
their sheaths should they become lodged in the capillaries. 

In the present experiments, no difference has been noted in the behaviour 
of microfilariae or in responses of the host to them in either infected or filaria- 
free hosts. Knott, however, has observed that while microfilariae ( Wuchereria) 
may pass through the peripheral capillaries of a filaria-free host (man), they 
failed to do so in a subject showing clinical signs of filariasis. 

It was also observed by Knott that when microfilariae [Wuchereria) are 
injected into a filaria-free subject they exhibit typical nocturnal periodicity. 
This finding is significant and runs counter to the theory that the mechanism 
of filarial periodicity (W. bancrofii) is due to a simultaneous daily parturition 
of the females, involving the destruction daily of as many microfilariae as are 
produced. It appears that we are still without a satisfactory explanation for 
filarial periodicity. 

Summary. 

1. An experiment is reported in which microfilariae [Dirofilaria immitis) 
have been injected into the circulation of an uninfected dog. 

2. It has been shown in both donor and recipient that microfilariae readily 
leave the circulation and enter lymphatics. No evidence of a cellular reaction 
on the part of the host has been found in relation to living microfilariae. 
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RECTAL ANAESTHESIA. 

BY 

H. S. HOLLENBECK, M.D. 

Eleitde, Ctitua, Angola, Portuguese West Africa, 


We have been using rectal anaesthesia for some years in our mission 
hospitals in Angola. This method has proved so useful and the results so satis- 
factory that we feel justified in presenting a brief report. 

We were led to try out this method by such considerations as the following; — 
(1) The cost of the anaesthetic ; (2) The necessity for the surgeon to operate 
with the help of only partially trained African assistants ; (3) The unfavourable 
results sometimes met with in the use of chloroform. 

The rectal method of administering ether gave promise of meeting the 
conditions well, since it is economical in the use of ether, simple to administer 
and relieves the surgeon of the strain of watching the condition of the patient. 
We have used it in a series of over fifty cases Avithout any unfavourable results. 
It has proA^ed an ideal anaesthetic in long, tedious operations and in operations 
on elderly people Avith weak hearts. It has been used in the folloAving opera- 
tions ; goitre, appendicitis, ovarian tumour, hysterectomy, extra-uterine preg- 
nancy, hernia and amputations. After the operation the patient usually sleeps 
quietlj^ for some hours. Vomiting is rare and there were no lung complications. 
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The following is our routine method of procedure in the preparation of 
the patient and the administration of the anaesthetic : — 

1. A cathartic is given the second day before the operation. 

2. An enema the night before the operation. 

3. A cleansing enema three hours before operation. 

4. Morphine sulphate I grain one hour before operation. 

5. Rectal administration of the following mixture : 

Ether 5 to 7 ounces. 

Olive oil 2 to 3 ounces. 

Paraldehyde 1 to 2 drachms. 

Warm the mixture and inject slowly, using a funnel. Begin shortly after 
the injection of the morphine. Cover the face with a fairly heavy, damp towel. 
At the conclusion of a short operation the oil and ether mixture may be with- 
drawn though it may be left in without harm to the patient. It is sometimes 
necessary to administer a little chloroform or ether by inhalation at the most 
painful stages of the operation. 

This method seems peculiarly adapted to the Africans in our region. They 
go to sleep quietly and often require no additional anaesthetic by inhalation. 
In our experience this method does not ser\'e as well for Europeans. 

Conclusions. 

1. Rectal anaesthetic is economical of ether. 

2. It is easily administered, not requiring special skill. 

3. It is safe. 
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THE HUMAN ORGANISM AND HOT ENVIRONMENTS. 


To the Editor, Transactions of the Royal Society of Tropical Medicine and 

Hygiene. 

Dear Sir, 

I read Dr. D. H. K. Lee’s article on “ The Human Organism and Hot 
Environments ” with ver}"^ great interest, having myself made some relatively 
insignificant observations on the same subject, when enjoying for that study, 
so far as environment goes (to quote Sir Charles Martin) unrivalled opportuni- 
ties. I congratulate Dr. Lee on his choice of a subject, and on having secured 
the support of Sir Charles Martin in his investigations. 

To the four sources of knowledge whence Dr, Lee gleans information, 
I would like to add another, namely, experiments on animals in tropical climates. 
It is singular that animals so imperfectly fashioned to resist heat as birds, goats,, 
sheep, cattle, donkeys, horses, etc., should be able to endure exposure to the 
direct rays of a tropical sun, every day, throughout the summer, with only 
occasionally a casualty. The secret of this amazing adaptation (so far as my 
experiments have indicated) seems to lie in ability, acquired by training and 
“ natural selection,” to withstand a rise of body temperature that would be 
lethal to untrained or unacclimatised organisms, and that would be certainly 
lethal to particular species that seem unable to acquire more than a limited 
tolerance, even after prolonged training, e.g., hutch rabbits and guineapigs. 
It is curious that the wild hare is indifferent to extreme heat, while the rabbit 
even in the wild state, perishes unless it can take refuge in its earth tunnel. 

I think Dr. Lee’s praiseworthy attempt to clarify the subject under discussion 
by classification of the symptoms and phenomena under four headings, certainly 
throws these fundamental concepts into relief and enables one to see the trees 
unobscured by the tvood ; but in practice (by which I mean ” in the treatment 
of heat-affected men ”) this simplification might be misleading. Patients 
suffering from the effects of heat not unusually display the whole gamut of 
cramps, dehydration, hyperthermia and circulatory embarrassment in parallel 
or more commonly (to use an electrical metaphor) in series, and the clear-cut 
clinical entities depicted in Dr. Lee’s comprehensive and informing tables are, 
in my experience, the exception rather than the rule. I am accustomed 
to regard cramps, dehydration, and heart failure as, in the majority of instances, 
the prodromal symptoms of hyperthermia, and we are accustomed to ward off 
the very grave thermal unbalance by grabbing our cases while still in the larval 
stage of development. Shattuck and Hilferty (1933) found that “ heat 
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exhaustion ” as a cause of death from heat effects was the predominating factor 
in people over 60 years of age. The correlation of heat deaths with increasing 
age is probably due to progressive diminution in the reserve power of the 
heart. “ Heat exhaustion ” in our experience, is common in young people 
and is correlated, in them, with salt depletion ; the associated symptoms of 
fainting, nausea, low blood pressure, air hunger, cramps, and general collapse 
being relieved by the administration of salt and water in cool surroundings. 
For the early recognition of heat-effect cases nothing is more valuable than the 
examination for chlorides of a 24-hour specimen of urine ; and I agree with 
Dr. Lee’s statement (due to Taebot and Michelsen, 1933) that there should be 
a minimum of 3 grammes of sodium chloride in such a specimen. 

I think that the treatment of patients in a random series should be judged 
on the merits of each case, and I feel Dr. Lee’s strictures on the use of glucose 
and bicarbonate, in addition to saline (which he agrees is theoretically indicated) 
are rather severe and savour of pedagogy ; Squadron-Leader Morton (1932) 
conceivably had good reasons (medical, if not physiological) for the inclusion 
of glucose and bicarbonate in the saline administered to his patients. 

The state of electrolyte disequilibrium, or low salt concentration, in the 
majority of cases, is quite simply due to the steady drain of chloride in the 
sweat, but under certain easily reproducible conditions, the problem becomes 
vastly more complex. 

Cramer (1928) found that “ Exposure to heat, which inhibits the activity 
of the adrenal glands, leads to disappearance of the cortical lipoid . . .” It 
is well known that adrenal insufficiency is the prime factor in Addison’s disease, 
and that hypochloraemia and dehydration are important factors in this syndrome 
(Loeb, 1933). It would seem that in environmental heat we have a predisposing 
agent for the ionic unbalance that is such a feature of heat effects in man. 
Advanced pathological opinion is indicated in the statement “ It appears, 
in fact, that one of the major functions of the endocrine system, as a whole, 
is to maintain the ionic balance of the blood ” (Hadfield and Garrod, 1934). 
It appears that the parathyroids control calcium, the pituitary water, and the 
suprarenals sodium. It is significant that the injection of adrenalin produces 
a marked increase in the lactic acid and glucose content of the blood (CoRi, 
1931), and this observation provides a possible explanation for the high blood 
lactate and glucose concentrations found in experimental hyperthermia. It is 
unfortunate that the careful experiments of Raymond Whitehead (1934), 
who exposed groups of 24 male white mice, 91 to 112 days’ old at death, in a 
room at 34° to 38° C., for 3 days (22 per cent, died after 1 day, 8 per cent, after 
2 days, 1 per cent, after 3 days), showed that there was no significant divergence 
from normal in the relation of lipoid-laden cortex to area of permanent cortex. 

There is no doubt, to my mind, of the reality and importance of acclimatisa- 
tion for men and animals that live and work in hot environments. In the 
case of man (assuming that the organism under training is physically fit, has the 
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proper number of sweat glands per unit of skin surface, and is in the prime of 
life) the factors are, briefly : — 

1. Proper hygienic education which may be acquired in the “ Hard school 
of experience,” or better, by precept, based on well known principles of pro- 
phylaxis, to wit, suitable clothing and headgear, ample salt and water supply, 
light meals taken in the cool part of the day, extreme moderation in alcohol 
consumption, sensible precautions to avoid intercurrent disease, short working 
hours and cool living quarters. 

2. Psychological education, i.e., trained disregard of unavoidable discomfort, 
loss of sleep and unpleasant visceral sensations, in the way that the soldier is 
trained to disregard fatigue, discomfort, fear, etc., and as the trained athlete 
undertakes feats of endurance that involve gruelling work. In my experience 
fear of heat effects is, on occasion, a very important factor in their causation 
and exacerbation. In this connection the work of Miss Clock (1935) is of great 
interest. This worker found that a subject who liked heat was unaffected by 
exposure to an artificial hot climate, and seemed acclimatised from the start ; 
while another subject, who heartily disliked heat, showed marked physiological 
reactions to the artificial climate. Miss Clock suggested that all subjects 
who contemplated a career in hot climates, should be put through a course 
in an artificial climate and their reactions noted for future reference with the 
object of ultimately selecting suitable candidates for the tropics or other hot 
environments. 

3. Gradual introduction to the most severe effects of the climate in the manner 
chosen by the Union of South Africa (1933) observers in the Witwatersrand Cold 
Mines who consider that 14 days is sufficient to train the most backward candidate 
for acclimatisation under the peculiar conditions that exist there. The 
experiments of Mills and Ogle (1933) on animals pointed, broadly speaking, 
to the same conclusions. In the climate limned by the temperature chart 
(Marsh, 1933), shade temperatures begin to increase at the end of March ; 
from the beginning of April, until the first week in June, there is a wavering 
ascent of temperature, not unlike the “ staircase ” chart of a patient during the 
first week of typhoid fever. From the middle of June until the end of August, 
the “ fastigium ” (still on the analogy of typhoid) is maintained, the daily 
excursions of the maximum shade temperature being of comparatively small 
magnitude ; about the middle of September “ defervescence ” begins, and is 
complete by the middle of November, the characteristic intermissions being 
again in evidence. Our period of training for acclimatisation is prolonged, 
being about 8 weeks — ^four times the length of time considered the maximum 
by the South African authorities ; our period of training, however, is that 
laid down by Nature, who, in her wisdom, repeats the course every year. For 
those not in the prime of life, or suffering from intercurrent disorder, the effects 
of faulty hygiene, insufficient training, or some hitherto undiscovered funda- 
mental defect, shelter from the most severe effects of the climate is necessary. 
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to enable them to recover sufficiently to renew the fight with the elements or to 
succour and refuge them while arrangements can be made for their evacuation. 
Such a refuge is best provided by some such arrangement as the artificially 
cooled ward described before (Rennie, 1930 ; Marsh, 1930). 

Modern cold storage plant provides us with a temporary refuge from 
hot environments ; air conditioned living quarters are the next step in the 
struggle for the amenities of life. 

I agree that much remains to be done to explain the reactions in the human 
organism in hot climates, but most of the causative factors are known, and 
illness due to heat can be prevented, and when occurring can be efficiently treated, 
with the knowledge at our disposal now if it is correctly used by the proper 
authorities. 

I am, etc., 

c/o A.I.O.C., Frank Marsh. 

Masjid-i-Suliemaii, 

via Ahwaz, South Persia. 

2mjtdy, 1935. 
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BANCROFTIAN FILARIASIS. 


To the Editor, Transactions of the Royal Society of Tropical Medicine and 

Hygiene. 

Sir, 

Clayton Lane, in a note on periodic Bancroftian filariasis, appearing in 
the last number of these Transactions (1935, xxix, p. 135), in attempting to 
measure the value of papers on infection with periodical Wnchereria bancrofti, 
quoted my paper in an earlier number (1935, xxviii, 613) but I am afraid he 
missed the main point of my views, and in reporting parts of my conclusions he 
neglects others in such a manner as to alter entirely my meaning. 

(1) I never denied that adult worms can be found elsewhere than in the 
sites I quoted. I simply said that I have been unable to find adult worms in 
any situation other than the lymphatics of the cord, unless the worms have been 
the cause of important clinical manifestations. 

(2) The theory I advanced is that the normal habitat of the worm, that is 
where the worm develops and reproduces in normal circumstances, is a definite 
part of the genital organs. I have been very particular in writing “ normal ” in 
italics, meaning by normal the cycle of the worm in individuals harbouring 
Filaria bancrofti without showing any clinical symptoms and before the appear- 
ances of complications or later developments due to the filarial infection. 

(3) It is not even questioned that adult worms, living, dead or calcified, 
can be found in other localisations than those I quoted, and in the “ focal spots.” 
That that is so is already made clear in my paper (page 625), where I consider 
as the most important factor in causing the later developments of the disease 
“ the emigration of the adult worm from its normal habitat, or its development 
elsewhere than in the genital area.” 

Clayton Lane will admit, I hope, the fact that “ focal spots ” are one of 
the manifestations in filariasis which are more advanced than those I considered 
under my “ normal,” 

(4) Another point to which I must draw his attention relates to the lymph 
glands. In my paper I spoke of the lymph glands draining the genital organs. 
Clayton Lane adds on his own account, between parentheses, ‘‘ which are the 
lumbar glands.” I was quite well aware that “ the draining of lymph from the 
epididimus and cord (in normal anatomy) is not into the inguinal glands, nor 
have I made any such statement. I purposely mentioned “ genital organs,” 
meaning by this definition the whole of the genitalia, which are composed of 
difi^erent parts, whose lymphatic system is somewhat more complicated than 
the simple draining of lymph from the epididimus and cord to the lumbar 
glands. 

As I stated in the introduction to my paper, it was only a resume of the 
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main conclusions of my researches, so I was not able to bring forward all my 
evidence and all the details, which will be given in due time. 

I am, etc., 

Georgetown, Cesare Romiti. 

British Guiana. 

2nd Septeviher, 1935. 


BANCROFTIAN FILARIASIS : A WRONG INFERENCE AND 
RIGHT CONCLUSIONS. 


To the Editor, Transactions of the Royal Society of Tropical Medicine and 

Hygiene. 

Sir, 

In the number of these Transactions issued in July of this year, I questioned 
whether Dr. James Knott, of the Virgin Islands of the United States, had used 
the same diagnostic technique before and after injection of microfilariae into a 
man who was believed to be free from the infection at the time when this trans- 
fusion was made. Knott writes to me, under date 9th September, 1935, that 
he did in fact use the same technique before and after the injection of micro- 
filariae. Any inferences which may be drawn on the contrary supposition are 
then incorrect and among them my suggestion (p. 140) that his case E.D. might 
be explained in this way. Knott adds the fact that one man into whom he 
transfused microfilariae on 28th March, 1934, was still showing them in the 
blood at the time he wrote. I believe it is not prejudice which makes me urge 
that such injections in an endemic area are not safe foundations for conclusions, 
particularly in face of Murgatroyd’s experience to the contrary in this country, 
inconclusive as he suggested it at the time to be. Clearly it is an experiment 
which needs repetition in a non-endemic place. In making the proposal that 
a particular type of experiment is unconvincing when carried out in an endemic 
country, there is no suggestion of lack of appreciation of the great value of the 
work which Knott has put, and is putting, through with keenness and skill. 
One is justified in looking with pleasurable anticipation to the results of the 
active collaboration which will have begun before this is in print between himself 
and Prof. F. W. O’Connor of Columbia University, though regretting that 
circumstances appear to have prevented the aid which had been hoped for from 
Dr. Donald L. Augustine of Harvard University. 

As to Romiti’s letter in this number of the Transactions, any idea of 
misrepresenting him or of using against his case any of the words in which it 
was expressed was not in my mind ; but even now his meaning is no clearer to 
me. Yet he does say plainly that, apart from the varicolymphocele of the cord 
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and cystic formations in the ple.xus, he has not been able to find adult living 
worms anywhere (p. 622, item 5). My reply was that his observations are 
imperfect and that such worms have been shown at this Society’s meetings. In 
the first part of his paper Romiti said that it was only intended as a resume of 
his findings, but did not make it clear that the)'^ were to be published. The 
matter is better left till the facts are fully stated. As they are now known I find 
no need to alter any of my views. 

It remains to add that work which, it is understood, is planned in West 
Africa, and has been begun in Madras, as T. Bhaskara Menon’s Maharaja 
of Travancore Curzon Lectures tell, shows that the British Empire is also interested 
in the active e.xplanation of Bancroftian filariasis, and to point out that the 
British Isles have no endemic filariasis, but are conveniently visited by those 
who suffer from this infection. 

I am, etc., 

Clayton Lane. 


AVITAMINOSIS B^. 


To the Editor, Transactions of the Royal Society of Tropical Medicine and 

Hygiene. 

Dear Sir, 

I have been much interested in the paper on “ Avitaminosis Bg ” by 
J. V. Landor and R. A. Ballister in these Transactions, Vol. xxix. No. 2, 
pp. 121-133. 

The description of the clinical aspects of this disease, as it occurs in the 
prisons in Malaya, as well as the account given by L. Nicholls, of Ceylon 
prisoners in 1933, tallies exactly with a sore tongue and mouth disease which I 
observed in the prisons of Ceylon in 1912 and which I described and figured in 
my monograph, “ A Report upon Researches in Sprue in Ceylon,” Cambridge 
University Press, 1915, pp. 46-48. The excoriated appearance of the tongue, 
lips and angles of the mouth are shown in Plate I, Figs. 15 and 17 of that 
monograph. 

I thought at the time that this might be a manifestation of the sprue process 
localized to the mouth, and I found it in 181 out of 1,461 natives of all races 
that I examined — Sinhalese, Tamils, Javanese and Malays. It appeared to have 
no relation to diarrhoea or intestinal disturbance and to be especially prevalent 
in prisoners in the jails of the Southern Province. It is interesting to note that 
the frequency of sore tongue disease was ascribed at the time by prison medical 
officers to a diet of salt fish and there was also evidence to show that when once 
it made its appearance in a jail other cases would soon declare themselves. 
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The possibility of the relationship of this glossitis being one aspect of the 
pellagra symptom-complex was considered at the time. It is interesting to 
realize that this disease is now being recognized as being in some way related 
to pellagra and to be associated eventually with lesions of the central nervous 
sj'stem. 

I am, etc., 

149, Harley Street, Philip Manson-Bahr. 

London, 

\2th September, 1935. 


ATEBRIN MUSONATE. 


To the Editor, Transactions of the Royal Society of Tropical Medicine and 

Hygiene. 

Dear Sir, 

My attention has just been drawn to an article in these Transactions 
(1935, xxix, 103) describing a demonstration given before the Society by 
Dr. S. SOMASUNDRAM. 

Without wishing to criticize the scientific conclusions drawn from the 
Kandy experiment there is one point which cannot go unchallenged and that is 
on what authority the author states that I have ever claimed that one injection 
of atebrin musonate could effect a cure of malaria. My first and only paper in 
this connection, “ Preliminary observations on a new soluble atebrin compound ” 
{Indian Medical Gazette, 1935, Ixx, 185) proves that two injections are necessary. 
That I treated a few cases experimentally with one injection as discussed in my 
paper can hardly be called a claim. 

May I make it clear that I have never claimed anything in this connection. 

I am, etc., 

Khatan Mansion, A. T. W. Simeons. 

Cooperage, Bombay. 

10th September, 1935. 


Printed in Great Britain bv H. R. Grubb, Ltd., Croydon. 




TN the death of their 
Most Gracious Patron, 

HIS MAJESTY 
KING GEORGE V, 

Fellows of the Royal Society 
of Tropical Medicine and 
Hygiene throughout the 
world have suffered an 
irreparable loss, and take this 
opportunity of expressing 
their profound grief at the 
passing of one who has 
always followed with the 
greatest interest the progress 
of the Society and the 
developments in Tropical 
Medicine upon which the 
happiness and prosperity of 
tropical lands so much 
depend. 


Transactions 

OF THE 

Royal Society of Tropical Medicine 

AND Hygiene. 


VoL. XXIX. No. 4. 


Proceedings of an Ordinary Meeting of the Society held at 
A'lanson House, 26, Portland Place, London, W.l, at 8.15 p.m., on 
Thursday, 21st November, 1935. 

Sir Arthur Bagshawe, C.M.G., M.B., D.P.H., President, in the Chair. 


The President : In calling on Dr. de Verteuil to read his paper I should 
like to say that we are fortunate in having here this evening a distinguished 
Fellow of the Society from Brazil, Dr. Magarinos Torres of the Instituto 
Oswaldo Cruz. I hope he will take part later in the discussion. 


PAPER. 


THE STUDY AND CONTROL OF PARALYTIC RABIES 
TRANSMITTED BY BATS IN TRINIDAD, BRITISH WEST INDIES. 

BY 

ERIC DE VERTEUIL, M.D., B.S. (Lond.), M.R.C.S., L.R.C.P., D.P.H. (Lond.), 

AND 

F. W. URICH, F.R.E.S. (Lond.). 


Introduction, 

This paper is the result of team work carried out by a number of Trinidad- 
born men. 

J. L. Pawan, M.B.E., M.B., Ch.B., D.P.H., Government Bacteriologist, 
has been responsible for the bacteriological and experimental section of the work 
and to him is due the credit of having discovered Negri bodies in the brains 
of animals, human beings and bats in Trinidad in 1931. He has received 
material assistance at various, times from the Lister Institute in London and 
from the Rockefeller Institute of New York, and particularly from E. Weston 
Hurst, M.D., D.Sc., of the Lister Institute, with whom he tvas associated 
in publishing in the Lancet two papers on the outbreak of rabies in Trinidad 
(Hurst and Pawan, 1931 and 1932), Prof. F. W. Urich, F.R.E.S., has been 
responsible for the zoological side since January, 1934, and his unique knowledge 
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of the fauna of Trinidad proved to be an enormous asset in studying the habits 
of the bats in the field, both when at home and on their feeding grounds, as well 
as in rearing the bats in confinement for the purpose of observation and of 
experimental work. Capt. H. V. Metivier, B.Sc., M.R.C.V.S., Government 
Veterinary Surgeon, has been responsible for the veterinary section, and has 
worked in close association with Dr. Pawan in connection with the experimental 
investigation on animals and bats. Much valuable work has also been carried 
out in this section at the Weybridge Veterinary Laboratory under W. Horner 
Andrews, D.Sc., M.R.C.V.S., particularly in connection with the production 
of anti-rabic vaccine. 

The Public Health Section of the work has fallen to the lot of C. F. 
Lassalle, M.D., D.P.H., former Deputy Surgeon-General and Medical 
Inspector of Health until 1933 and subsequently to one of us (E. de V.), whilst 
acting in the same capacity from May, 1933, to May, 1935. During the past 
year, as a result of the joint activities of Professor Urich and of the Health 
Department, in searching out the feeding, digesting and sleeping places and 
investigating the habits of bats in general and of Dcsmodiis rufus in particular, 
a large amount of valuable information in connection with the epidemiology 
and control of the disease has recently come to hand, and it is in connection 
with this section of the work that Dr. de Verteuil has been mainly responsible, 
whilst working in close association with his other colleagues, especially Professor 
Urich. We are particularly grateful to the Surgeon-General, Dr. K. S. Wise, 
and to E. J. Wortley, C.M.G., Director of Agriculture, for their continued 
interest and support in connection with this investigation and for permission to 
publish. 

We are also especially indebted to Sanitary Inspector L. B. Ass.ang, who 
was responsible for most of the spade work, especially at night under trying and 
difficult conditions, as well as to Mr. L. Wehekind and Mr. E. J. Ache, who 
all assisted materially in developing the methods of investigation and capture 
of the bats in the field. 

We propose to deal with the subject matter under the following heads : — 

I. History of the vampire bat. 

II. History of paralytic rabies in Brazil and Trinidad. 

III. Short summary of the incidence, mortality and symptoms of human 
paralytic rabies in Trinidad 1929-1935. 

IV. Study of the bat fauna of Trinidad, and of Desmodus rufus in 
particular. 

V. Bat destruction with special reference to methods of destruction 
and capture of Desmodus rufus. 

VI. Laboratory experiments and results of examination of bats’ brains 
for Negri bodies. 

VII. Epidemiology and control of paralytic rabies. 

VIII. Conclusion. 
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I. History of the Vampire Bat. 

At the present time the blood-sucking, or more correctly speaking, blood- 
lapping vampire bats, Desmodtis, are under investigation in three different 
portions of the New World as being the carriers of two distinct diseases. 

These bats have long been known to be a source of annoyance and of fear 
in several of the South American countries ; and long before the days of Darwin 
and the voyage of the “Beagle,” numerous imaginative stories had been 
written of the wonderful power of these bats to fan their victims to sleep 
as a preliminary to a painless bite and the subsequent blood-sucking process. 
Charles Darwin was the first scientist to observe a vampire in the act of drawing 
blood and to note its procedure with fair accuracy, but it was left to L. H. Dunn 
of Panama to record in 1932 that the vampire is a blood lapper and not a blood 
sucker. It is now also further known from the observations of several scientists 
in the field as well’ as from recent work in Trinidad and in Panama, that the 
vampire does not hover over, but actually walks slowly and stealthily to, his 
victim before biting him. A very recent publication in Zoologica by Ditmars 
and Greenhall (1935) gives a complete review of the history of the bat and a 
description of its habits. The photographs are particularly interesting. 

At no time, however, until recently was it suspected that this elusive and 
interesting mammal might be the carrier of disease to man and beast ; and this, 
no doubt, accounts to a large e.xtent for the comparatively scant literature which 
is available in connection with the life history of Desmodus and indeed of bats 
in general. 

In Panama, equine trypanosomiasis (also called “ murrina ” or “ derenga- 
dera ”) has been recognised since 1910 and various insect carriers (horse flies, 
ticks, mosquitoes, and the reduviid bug Triatoma geniailatd) have been suspected 
as being the natural vectors of the disease (Clark, Casserly and Gladish, 1933). 
During the past two years, however, the vampire bat, Desmodus rotundus murinus 
Wagner, has been incriminated as being the main vector that keeps the disease 
enzootic, and it is believed that it is able to disseminate the disease on its nightly 
feedings over an average period of about one month after it has acquired the 
disease and before death overtakes it as a result of the disease. 

The question of controlling the incidence of equine trypanosomiasis by 
controlling the Desmodus population now appears to be engaging the serious 
attention of the Panama Health Authorities. In Trinidad and in Brazil, on the 
other hand, Desmodus ruftis and Desmodus rotundus have been definitely incrimi- 
nated as the principal vectors of paralytic rabies ; but whilst in Brazil the 
disease appears to be confined solely to stock animals, it has been the cause of 
a great deal of anxiety to the Health Authorities in Trinidad on account of its 
incidence amongst human beings as well as among livestock. 

So far as the existence of vampire bats in Trinidad is concerned. Professor 
Cameron of McGill University has informed me that he has read somewhere 
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that bat bites were reported as occurring in Trinidad during the visit of discovery 
of the island by Colombus in 1498 — at any rate there is ample evidence that 
they have been in the island since the early days of the 19th century. 

II. History of Paralytic Rabies in Brazil and Trinidad. 

Paralytic Rabies in Brazil. 

The story of paralytic rabies is an interesting and fascinating one, and dates 
back to the year 1906 when the disease first broke out in epizootic form among 
cattle and other livestock in the State of Santa Catarina in Brazil, along a narrow 
stretch of land between the sea and the mountains. 

Since 1906, it has persisted there in sporadic form with occasional severe 
epizootic outbreaks. The true nature of the disease and its method of spread 
does not appear however to have been recognized until about 1921, when Haupt 
and Rehaag (1921) published a paper describing the outbreak and proving, 
after experimental investigation of a bat caught biting a cow in the day-time, 
that the disease was rabies, and that the vector was the vampire bat. No rabid 
dogs were known to exist, and wholesale destruction of dogs made no impression 
on the case incidence. 

It was then noticed that a swiftly flowing river, impassable to dogs, had 
proved to be no barrier to the spread of infection and that the heaviest mortality 
occurred in the most thickly wooded districts where vampire bats were most 
prevalent, and where cattle bitten by such vampires during the day-time after- 
wards developed rabies. Subsequently, between 1931 and 1934, severe 
epizootics claiming sometimes 60 per cent, of the cattle as victims, broke out 
in the State of Matto Grosso as well as at Santa Catarina ; and the vampire bat 
Desmodus rotnndus was conclusively proved to be the vector. (Institute of Animal 
Biology, Brazil, 1934.) 

Preventive treatment was confined to the use of anti-rabic vaccine made 
from virus fixe, which is stated to have given perfect immunity : 112,000 animals 
were immunized during 1931 and 1932. 

No systematic attempt is reported to have been made to control the 
disease by controlling the Desmodus population, though bats in caves and hollow 
trees were sometimes destroyed. 

The affected animals showed the usual symptoms of paralytic rabies ; 
which, it should be noticed, is the normal type in all herbivorous animals and 
rodents bitten by rabid dogs. 

The symptoms were briefly grinding of the teeth, tremulous and involuntary 
movements, muscular incoordination, salivation, paralysis and respiratory failure. 

Paralytic Rabies in Trinidad. 

Paralytic rabies first occurred in livestock in Trinidad in 1925 when 60 
animals died in and around Port-of-Spain, the capital of the island, within 
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a few months. In subsequent }*ears epidemic outbreaks have occurred in most 
parts of the island and altogether a few thousand animals are estimated to have 
died of the disease between 1925 and the present date, the disease occurring 
principally during the beginning of the rainy season and having a mortality 
rate of 100 per cent. No case of rabies in dogs or other carnivorous animals has 
been recognized since 1914 and the quarantine laws have been rigidly enforced. 

The disease was at first diagnosed as botulism on clinical and bacteriological 
grounds ; but subsequently, after an outbreak in 1929, among human beings 
of thirteen cases of acute myelitis (then diagnosed as acute anterior poliomyelitis), 
four more cases in 1930 and one in 1931, it was established by PAW.-tN and 
Hurst that the human and animal diseases were similar and were due to the virus 
of rabies with the vampire bat as the probable vector (Hurst and Pawan, 1931). 
Shortly after this, taking the clue from the Brazilian workers, P.awan was also 
able to prove, by histological and experimental examinations, the infection 
with rabies of twelve bats which had been caught during the day-time either 
attempting to bite animals or biting each other whilst fljdng around. These 
twelve bats were distributed between two species — Artibeus planirostris trinitatis 
(fruit-eating) and Desmodiis rtiftis (blood-lapping). 

Five more human cases occurred in 1932, and in 1933 two cases were 
diagnosed clinically, but the bacteriological examination failed to reveal the 
presence of the virus of rabies. 

The symptoms in all cases showed clearly that the human disease was a 
definite clinical entity — all the cases being of the paral}"tic t}'pe of rabies — thus 
constituting an occurrence unprecedented in any other part of the world in 
respect of the incidence of this tj’pe of rabies. 

The control methods then in use were ; — 

1. In tlie case of animals — anti-rabic vaccine and protection from bat-bites by bat- 
proofing stables and keeping lighted lanterns therein at night. In 1932, 6,000 animals 
were immunized, 5,709 in 1933, 12,703 in 1934, and 3,174 from Januaiy* to June, 1935, bythe 
Government Veterinary Department. 

2. In the case of human beings — control methods were confined to 

A. Protection from bat-bites by 

(a) the use of lights at night and hanging spiky branches in upper parts of rooms 

and galleries ; 

{Jo) protection of sleeping rooms by wire screening all openings ; 

(c) the use of mosquito nets over beds ; 

(d) the destruction of bats generally and especially those of unusual habits. 

B. Protective inoculation of bat-bitten persons ndth anti-rabic vaccine made from 
virus fixe. 

These control methods did not prove satisfactory and as a result of the 
recommendations of a Committee appointed by the Governor in October, 1932, 
to enquire into the incidence of the disease and to make suggestions for 
its control, Professor F. W. Urich was eventually appointed in January, 1934, 
to study the relation of bats to the disease and to develop methods for their 
control. Between January and August, 1934, while the animal disease existed 
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over an area of about 150 square miles, seven more human cases occurred, all in a 
small confined area of about 9 square miles, and it was then felt by the Health 
Department that valuable information might be obtained by carrying out on the 
following lines an intensive epidemiological survey in selected infected areas in 
connection with (A) Human beings, (B) Bats, and (C) Animals and Poultry. 

A. Human beings. 

(1) House to house inspection in connection with 

(а) villages, estates and estate barracks and groups of isolated houses ; 

(б) recent bat-bites among human beings — with special reference to their associa- 
tion with bat-bites among animals and poultry and the proximity of roosting and 

digesting places of Desmodus bats. 

(2) Enquiries in connection with any possible missed cases of rabies in out-of-the-way 
districts. 

B. Bats. 

(1) Searching for the night-time digesting places of Desmodus bats under bridges, 
culverts and other places. These are easily recognised by finding the typical tarry 
excrement of the bats. 

(2) Searching for the day-time roosting and sleeping places of Desmodus in caves, 
hollow trees, underground passages, etc. 

(3) Collection of bats other than Desmodus where considered unusual or uncommon. 

(4) Trapping of live Desmodus bats while feeding on animals or in their sleeping or 
digesting places and observing their habits and general behaviour in the field. 

(5) Caging, artificially feeding and observing the habits and behaviour of Desmodus in 
captivity. 

(6) Special observation of any abnormal or presumably rabid Desmodus or other bat 
outside or in captivity so as to develop a knowledge of the symptoms presented (if any) by 
such rabid bats. 

C. Animals and Poultry. 

(1) Number of animals and poultry bitten by bats. 

(2) Proximity of digesting and roosting places of Desmodus to collections of stock 
and poultry in various portions of the different districts. 

(3) Number of stock animals dying of rabies in relation to the number of bat-bites 
amongst animals and man in the immediate neighbourhood, as well as to the number of 
Desmodus roosting and digesting places. 

In addition to this intensive survey in these selected rahies-infected areas, 
valuable information was also obtained at the same time from sanitary inspectors 
in non-infected areas in connection with the normal number of bat-bites of 
animals, poultry and men in the case of presumably non-infected bats. 

The results of this survey proved to be so encouraging that by July, 1935, 
nine trained rabies inspectors were actively pursuing bat destruction work 
(especially aimed at Destnodtis rufiis) in the various infected rural districts under 
the Public Health Department. Meanwhile the City of Port-of-Spain had also 
organized a trained squad of inspectors for the destruction of bats in and around 
the immediate outskirts of the city. All this work is being carried on with the 
close co-operation of Professor Urich and of the Bacteriological and Veterinary 
Departments. 
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III. Short Summary of the Incidence, Mortality and Symptoms of 
Human Paralytic Rabies in Trinidad from 1929 to 1935. 

INCIDENCE, 

The following Table shows the incidence of cases by the month, as well 
as the number of cases and the duration of the outbreak, wherever this has 
occurred in epidemic form in a district. 

Table I. 


Monthly Incidence of Cases. 

Local 

Epidemic Outbreak. 

Year. 

s 

Feb. 

Mar. 

April 

May 

June 

July 

th 

3 

c 

Sept. 

Oct. 


1 


No. of 
Cases. 

Duration of 
Epidemic. 

1929 

0 

0 

0 

0 

0 

0 

7 

4 

2 

0 

0 

0 

13 

13 

10 weeks 

1930 

0 

0 

0 

0 

0 

0 

1 

3 

O 

0 

0 

0 

4 

3 

3 weeks 

1931 

1 

0 

0 

0 

0 

0 


2 

1 

0 

0 

0 

3 

0 

No epidemic 

1932 

1 

0 

3 

0 

0 

0 


0 

1 

0 

0 

0 

5 

3 

1 week 

1933* 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

No epidemic 

1934 

1 

0 

2 

0 

0 

0 

0 

4 

0 

0 

0 

0 

7 

4 

3 weeks 

1935 

(Jan.- 

0 

0 

2 

6 

10 

4 


0 

0 

0 

0 

0 

22 

13 

6 weeks 

July) 














7 

6 weeks 

Total 

3 

0 

■ 

6 

10 

4 

8 

. 

13 

4 

0 

0 

0 

55 

43 

1 to 10 weeks 


* Two clinical cases occurred, but the diagnosis was not confirmed by bacteriological investigation. 


From the above Table it will be noticed : — 

1. That the disease usually occurs in small local epidemic outbreaks over a com- 
paratively short period of from 1 to 10 weeks — isolated endemic cases continue to occur 
between the epidemics. 

2. That 64 per cent, of the cases occurred between May and August, which corresponds 
to the first 4 months of the rainy season. 

3. That no cases occurred in February, October, November and December. 

4. That the greatest number of cases occurring in any one epidemic has been 13. 

Age Incidence. 


Age in years, j 0-5 

5-10 

10-15 

15-20 

20-30 

over 30 

Total. 

No. of cases j 2 

14 

12 

6 

S 

13 

55 


N.B. — 47 per cent, occurred in children between ages 5 to 15. 
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Sex Incidence. 

Thirty-seven cases occurred among males ( = 67 per cent.) ; and 18 among 
females ; total 55 cases. 

Race Incidence. 

The cases occurred among blacks, East Indians and other coloured persons. 
No cases occurred among white people. 

As bat-bites occur indiscriminately among men, women and children of any 
colour or race whenever sufficient facilities are presented, too much significance should 
not be attached to the above figures ; it would appear, however, that children from 0-5 
are more often protected by night-lights and mosquito nets than are the older children. 

Mortality Rate. 

The mortality rate is 100 per cent. 

Symptojns. 

After an incubation period of about 3 to 4 weeks, the symptoms usually 
come on after one bat-bite only and vary according to the point of entry of the 
virus into the body and are usually first recognized by an initial fever of 2 or 3 
days’ duration with marked sensory disturbances, such as tingling, numbness 
or burning gradually spreading upwards on the parts affected. In the case 
of bat-bites of the upper or lower extremities, paresis of the affected limb with 
eventual flaccid paralysis of both sides follows within the next few days : with 
lower extremity lesions, which are by far the commonest, retention of urine 
(sometimes the first reported symptom), abdominal distension, constipation, 
salivation and paralysis of the upper limbs appear gradually as the lesion spreads 
up the cord to terminate the illness in failure of respiration usually on about 
the 7th day. Although in a small series of cases Hurst and Pa WAN encountered 
no instance of typical clinical rabies, such cases do occur with bat-bites on the 
face and forehead when muttering delirium and restlessness are prominent 
features. In these cases as well as in most of the upper extremity cases, 
incontinence of urine and faeces does not occur, and knee reflexes may remain 
unimpaired to the end. Hydrophobia has not been recognized as a usual 
symptom, but in some of the cases it has been a marked feature. The longer 
duration of the disease, compared with 3 or 4 days for the ordinary form of 
hydrophobia, as well as the usual absence of early maniacal excitement and 
general muscular spasm should be specially noted. 

IV. Study of the Bat Fauna of Trinidad and of Desmodus rtifus 

IN Particular. 

The bat fauna of Trinidad consists of 34 species distributed among 9 families 
and 29 genera. The majority are insect and fruit eaters, but in addition there 
are fish eating bats, flower visitors, flesh eaters, and one blood lapper — Desmodus ■ 
rtifus (Wied). 
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CHARACTERISTICS AXD LIFE HISTORY OF DesnwdtlS ritfus. 

Characteristics. 

Desmodiis has the peculiarity of being the only mammal that is 
highly specialized to take only blood as food. It is fairly well distributed 
throughout tlie Island of Trinidad, but appears to be especially prevalent near 
the sea, near the banks of the rivers, and in mountain caves. It measures about 
13 inches (330 mm.) from wing tip to wing tip. The male has a breadtli of wing 
of 80 mm., whilst the head and body measure about 71 mm. on the ventral 
surface. The wings of the female expand to about 105 mm. and the head and 
body measures about 73 mm. Desmodiis belongs to the group of bats that 
have no nose leaf and no tail, and have the interfemoral membrane so much 
reduced as to be almost non-existent. The best distinguishing feature, how- 
ever, is the dental formula I^CyP-^My- making a total numberof 20 teeth. 
These teeth cannot crush and are especially adapted for cutting. 


DE.XTnTOX OF DES.MODUS RUFUS BLOOD-LAPPI-N’G RAT. 



Fig. 1. — ^Adult Desmodiis niftts. 


Fig. 2. — Baby Desmodiis nif us. 


(а) Triangular cutting portion of upper incisors — 
used lor gouging out the required wound for 
lapping blood. 

(б) Upper canine teeth — used as props or supports 
to allow the gouging movement of upper jaw. 

(c) Groove in lower jaw through which the tongue 
moves and the blood flows during blood lapping. 
The lower jaw does not enter into the biting or 
rather gouging out process. 


(d) Growing permanent incisor. 

(e) Milk teeth used for holding on to 
mother. 

(f) Grom'ng permanent canine. 


Drarvi^SS by O. Atteck. 
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In colour the males and females vary slightly. On the back both sexes are 
grey or reddish brown, whilst on the ventral surface the colour of both sexes 
is very light brown, almost white, but the males have a silvery gray sheen which 
the females have not. 

Desinodns has a narrow aesophagus and hardly any stomach, the alimentary 
tract from mouth to rectum being nothing else but a fairly narrow tube with, 
of course, the usual appendages and convolutions. 

Life History, Reproduction and Growth. 

Desmodtis produces only one young at a time. The period of gestation has 
not yet been positively ascertained, but is not less than 3 months. Bats with 
advanced emblems have been caught in January, June and September, and 
young bats were also born in captivity in November, whilst half-grown bats 
were observed in January and September. From the above data it seems obvious 
that breeding goes on all the j^ear round. 

When born the young bat is almost naked, but is quickly covered with soft 
brown hair. At first it usually clings to the front part of the mother’s body, 
but hangs independently as it gets older ; and towards the end of its adolescence 
it is left at home, as indeed is the habit of most bats. The milk teeth are in the 
shape of minute spicules whose chief function seems to be for holding on to the 
body and teats of the mother. It lives at first on the mother’s milk only, but as 
blood enters into its diet it appears likely that it accompanies the mother on 
her nightly rounds. (Figs. 2 and 6.) 

Bat-bites among animals. 

The food of Desmodtis seems to be confined to the blood of warm-blooded 
animals, including man, most domesticated mammals and poultry ; cats, however, 
appear to escape. Cattle of all ages, the horse kind, goats, sheep, pigs and dogs 
are their usual victims. Among pigs the teats of sows are frequently bitten. On 
horses, cattle, sheep and goats the favourite places for biting are the shoulder 
and back of the neck and to a less degree the flanks and legs, whilst in the case 
of poultry the combs of cocks, and the legs and back of the neck under the 
feathers of fowls are the places mostly selected. Dark coloured animals are 
usually preferred and in the case of black and white animals the black patches 
are picked out for biting. 

After recording the bites daily among about 200 animals at the Government Farm 
for a period of about 4 months, the Government Veterinary Surgeon reported the following 
results : — 

1 . The zebu cattle (white coats) are as a rule never bitten, both when kept in a separate 
savannah and when mixed with animals with coloured coats. 

2. In the pure bred holsteins and grade holsteins the blacker the coat, the more frequent 
the bites. 

3. Coloured (black, brown, etc.) and white animals are generally bitten on the black 
and brown spots. 
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Bat-bites among Human beings. 

In several non-infected areas human bat-bites were found to be much more 
frequent than was thought likely, and in some instances these appeared to take 
place on a larger scale than usual in recently infected areas {i.e. in areas where 
animal rabies was recently reported), two or three persons being bitten on the 
same night in the same house. In one such village out of 30 houses visited 20 
persons (adults and children) showed evidence of having been bitten within the 
past 2 or 3 weeks; while a visit to the village school elicited the information that 
10 out of a group of 30 children had also been bitten within the past 3 Aveeks. 

In another instance a child aged 4 had been bitten on seven different places 
in one night, whilst an adult was bitten eleven times, principally on the face. 
During this period the livestock which was still available in the close vicinity 
was also being freely bitten. (Fig. 9.) 

This increase in the frequency of biting of animals and persons has been used 
as an index in attempting to locate the direction of spread of the disease, taking 
the vieAv that such bats are infected bats which have changed their habits. In 
this connection it should be mentioned that a fair number of Desmodus bats have 
been caught biting animals in the day-time, and that the large majority of these 
so-called “ daylight ” bats have proved to be infected. 

On the other hand, most of the persons so bitten are known not to have 
contracted paratytic rabies ; and the explanation may lie rather in the fact 
that through fear of the disease in a recently infected area bat-bites are more 
likely to be reported, and that the bat-proofing of animal sheds, which usually 
corresponds with the introduction of the disease in an area, is obviously liable to 
lead to an increase in human bat-bites — whilst many of the animals are also 
commonly removed to non-infected areas by their owners. 

At the small island resorts of Monos and Gasparee (where no stock animals 
are usually kept) biting of poultry and of human beings by bats has always been 
known to be of nightly occurrence and it has long been recognised that where the 
poultry is protected from bats the human beings are much more likely to be bitten. 

From the above indications, therefore, it would appear that biting of human 
beings in both infected and non-infected areas will usually take place only when 
and where the usual blood supply from animals and poultry is suddenly cut olf, 
such as does occur after the death of numerous livestock in an infected area ; 
where obvious facilities, however, for biting persons are offered to the bats at 
any time, such tit-bits would presumably not be refused. The fact that animal 
cases of rabies in large numbers have invariably preceded the human cases 
points to the same conclusion. This latter fact is a valuable and timely warning 
signal for the control of human paralytic rabies in recently infected districts. 
A census of bat-bites taken in the City of Port-of-Spain (population about 
72,000) showed that only two persons were bitten between 1st March and 31st 
July, 1935, in spite of the fact that a fair number of bats were caught both in 
the city and in its immediate vicinity. 
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Mode of Attack. 

Most bats when on the ground shuffle along with outstretched wings, 
which they use for locomotion ; but Desmodus is an expert walker and progresses 
on all fours. The thumb is long and is provided with pads whilst the feet are 
flat. Its wings fold very compactly close to the body in umbrella-like fashion, 
so that the fore limbs are free and are in this way wonderfully well adapted for 
walking. 

The following observations on the mode of attack on a cock and on a goat 
were made recently in our bat house. In the case of the cock, a Desmodus was 
obser\fed about 9 a.m. feeding on its heel. The cock did not appear to be incon- 
venienced in any way and stood still for about 12 minutes whilst the bat lapped 
the blood as it slowly trickled down. After this time, however, the cock became 
restless and walked away followed closely by the bat, which eventually retired 
into a corner after a second unsuccessful attempt at further lapping. 

In the case of the goat the bat had been kept fasting for 48 hours, when a 
white goat was introduced at about 5 p.m. The bat, which was then hanging 
on the roof of the bat house, flew down to the floor and walked leisurely towards 
the goat. After a short interval it pitched on to the back of the goat and walked 
astride towards the shoulder where, after biting off some hair to clear a small 
space, it made a quick downward gouging motion by means of its upper incisors 
and soon after the blood was seen to ooze out. The goat was apparently hardly 
conscious of the bite. The bat then lapped the blood for about 10 minutes and 
flew down to the floor, where it remained for a few more minutes before flying 
up to the roof. During the lapping the tongue could be seen to move forwards 
and backwards like a piston, whilst the blood poured through a small groove 
in the lower lip. The wound made is of a shallow crater-like nature and about 
J inch long and inch wide. (Fig. 7.) 

Dhestim Places. 

o o 

Desmodus is a child of darkness and leaves its sleeping place only after 
dark. The first meal of blood is taken early in the night and the bat engorges 
to such an extent that flight becomes laboured and it resorts to a near-by digesting 
place, often a stable, an abandoned uninhabited room or more usually the under 
portion of a bridge. The typical tarry excrement left in these places provides 
a valuable indication in connection with control work. (Fig. 8.) 

Sleeping Places. 

The large majority of Desmodus bats have been captured during the day in 
caves and hollow trees (as many as 117 from one tree and 162 from one cave), 
but numbers have also been taken in large underground drains, among old iron 
and concrete ruins, in rooms of abandoned delapidated houses, in empty garrets, 
under bridges, in unprotected cellars under buildings and on one occasion in 
a disused well 30 feet deep. Some of these sleeping places have been located 




DESMODUS liVFUS IK CAPTIVITY. 

daily blood meal as an expert walker. 

Fig. 4.~Lapping his daily meal from a glass, container. 

Fig. o. Fully gorged after a good meal. 

PJifitofjraph'i kituUy lent hy R. K. Ditinnrx. 




Fig. 6. — Young Desmodus rufns 5 days old ; weight 5 grammes. Note soft brown hair 

covering most of head and body. 

Fig. 7 . — Desmodus riifiis lapping blood from a goat. Note characteristic attitude of bat. 



s 


Fig. S. — ^Window of an old abandoned house. Showing characteristic black tarry droppings 

of Desinodus nifus. 

Fig. 9 . — Native schoolboy — age 14 — ^who was bitten — alternately with his pig — during a 
period of 2 years. Scars were visible over his toes, feet, legs, knees, fingers, forearms, 
elbows, back, face and forehead. He was proud of the fact and glad to be able to share 
the honours with his pig. His brother and mother living in the same hut were not bitten. 
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in the immediate vicinity of thickly populated areas near Port-of-Spain and some 
actually in the cit 3 ^ (Figs. 10-13.) 

When at rest, like all bats, Desmodiis bats hang head downwards in clusters ; 
but contrar}’- to the usual habit of bats, when first disturbed they have a peculiar 
w’zy of grinning at the intruder, and walking away leisurely and often backwards 
into some safe dark crevice or corner in mouse-like fashion. They usually do 
not attempt to fly unless actually driven away by continual worrying. 

Desmodiis in Captivity. 

When we first started our investigations, we were faced with the problem 
of keeping bats in confinement for experiments and observation. They were 
kept at first in screened houses, 10 ft. X 9 ft. x 8 ft., and fed on fowls and 
goats, on which they appeared to thrive ; but as a result of a communication to 
us by Dr. R. L. Ditmars (Curator of the Department of Mammals and Reptiles, 
New York Zoological Park) of his experience in New York with Desmodiis bats 
obtained from Panama, the keeping of these bats in small cages, 12 in. x 
12 in. X 9 in., was greatly facilitated by the use of defibrinated blood in saucers. 
This method of feeding was first practised b}'’ L. H. Dunn of Panama. Up to 
date some of these bats have been kept in captivity in this way for over nine 
months and baby bats have been born in the cages and are doing well. Live 
consignments of these bats have recently been sent with success to the New 
York Zoological Park and London Zoological Gardens by Professor Urich from 
Trinidad by using frozen defibrinated blood ; and a recent newspaper report 
states that a group of twenty-four vampire bats has been sent alive from Costa 
Rica to Buenos Ayres by using defibrinated blood. (Figs. 3, 4 and 5.) 

ASSOCIATION OF OTHER BATS WITH DesmodllS. 

Although as a rule communities of bats keep to themselves, several other 
species have been found associated with Desmodiis, especially when the sleeping 


Fig. 10. — Opening of old underground brick drain, 5 feet high, 3 feet wide and 70 feet 
long. Disused for about 40 years. About 150 Desnwdus bats have been caught in this 

drain. 

Fig. 11. — Ruins of an old water wheel. About 60 Desmodm bats were caught here near 
the ground in the spaces bettveen the paddles on the outer rim of the wheel. 

Fig. 12. — First chamber and entrance to the dark second and third chambers of a small 
cave where about 50 Desmodus, and numerous Heiniderma (fruit-eating) bats were destroyed. 

Fig. 13. — ^Hollow tree near the Caroni River (tidal). 30 Desmodus and 80 Noctilio (fish- 
eating) bats were caught in this hollow tree while several insectivorous bats lived outside 

near the entrance. 

Fig. 14. — Capturing live Desmodus bats in a hollow hog plum tree. After netting the 
hollow space, the small boy pokes the bats down with a long rod, and the bats are caught as 
they dive down and try to escape at ground level. 

Fig. 15. — Netting of Desmodus bats whilst digesting their meal under a culvert, usually 

between S and 11 p.m. 
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places are large. The following species have been captured in sleeping or 
digesting places of Desinodtis : — Hetuiderma brcvicauda and Artiheus planirosiris, 
fruit eaters ; Noctilio, a fish eater ; Vampyrus spectrum, a flesh cater ; Enchis- 
thenes harti, Saccoptcryx and Micronycteris mcgalotis, insect eaters ; and PJiyllo- 
stoma hastatum, a mixed flesh and fruit eater. 

ECTOPARASITES OF BATS. 

The study of the ectoparasites of bats is of special importance at present 
owing to the recent discovery by the Panama authorities of the susceptibility of 
Desmodiis to trypanosome infection and, therefore, to the possibility, of the 
spread of this disease through the agency of such parasites. Although this 
method of infection is not considered likely in the case of paralytic rabies, the 
study of such parasites is nevertheless not being overlooked. Up to date only 
two species of parasite have been found by Professor Urich. Streblid flies are 
very commonly seen on Desinodtis and on all the other bats found associated 
with it, and in some instances acarids have also been observed. 

V, Bat Destruction with Special Reference to Methods of 
Destruction and Capture of Desinodtis rttfits. 

Dcsmodits rttfits. 

Dcsniodus bats may be destroyed or captured as follows : — (A) on their 
feeding grounds ; (B) in their digesting places ; and (C) in their roosting places. 

(A) 1. — As Desinodtis bats have the habit of biting the same animals on 
the same spots nightly, and usually bite a comparatively small proportion of 
animals herded together — one bite apparently serving the need of a large 
number of bats night after night — poisoning, by means of a local 
application of strychnine to such animal bites, has proved to be an eminently 
practical method of destroying these bats. The use of strychnine in poisoning 
fruit-eating bats {Ilciiudeniia) had previously been successfully used by Professor 
Urich by placing a small amount of strychnine in a ripe banana. The application 
of this method of poisoning to Desinodtis was first demonstrated by M. D. 
Lumsden, B.V.Sc., of the Trinidad Department of Agriculture. Strychnine 
made into a thick paste with syrup (30 grains to 1 ounce) is painted by a small 
brush on the wounds of the bitten animals about nightfall and some of the 
poisoned bats may be collected next morning in the immediate vicinity of their 
victims, while others are found some distance away. The largest number found 
poisoned from one wound was five. This method of destruction is now being 
put to practical use on a large scale with excellent results. 

The use of arsenite of soda and tartar emetic on similar lines is also being 
given a trial. 

In the experiment previously mentioned, where 200 animals were observed 
for 4 months, the average number of animals bitten was IS before applying the 
poison, and this was reduced to 4 after applying it. 



ERIC DE ^'ERTEUIL AND F. U'. URICH. 


331 


2. — Small portable trapping cages with fowls and animals as bait have 
also been successful, but have only a limited use, 

(B) . — Early in the campaign, before the poisoning method described above 
was known, a fair number of Desmodus bats were trapped at night between S and 
11 p.m. under bridges by netting the bridge and subsequently capturing the 
bats with hand nets. This proved to be an effective method, but it had its 
limitations owing to the night work involved and the difficulties encountered 
during periods of rain. The largest number caught at a time under any one 
bridge was eleven. A fair number of these bats have also been shot in animal 
sheds while digesting their meal. (Fig. 15.) 

(C) . — From e.xperience gained during recent months, the most effective 
and satisfactory method of controlling the Desmodus population is by destroying 
them in their sleeping places during the daytime. The actual method of destruc- 
tion must vary according to circumstances, but netting and shooting usually 
play an important part, whilst in the case of certain hollow trees and underground 
drains and certain other suitable localities poisoning b}'^ Cyanogas A dust 
is very successful. Often the bats are able to seclude themselves in the long 
tortuous fissures and crevices and in the small and narrow tunnels and chambers 
of the caves, as well as in the upper portions of hollow trees. In such cases 
resort is usually had to fumigation by burning sulphur or dried green leaves. 
It is astounding what an amount of SO* and smoke the bats will stand before 
they decide to fly out into the nets which are set for them outside. Occasionally, 
too, the dangerous nature of the caves does not permit of any work inside. In 
such instances all the exits from the cave are blocked except one, the mouth of 
which is securely netted at about nightfall, and the usual preparations made 
for the capture of the bats with hand nets, clubs, cages, etc. The bats usually 
fly out in small groups from about 7 to 10 p.m. and are readily caught. Complete 
blocking of all the exits of the cave, where possible, would of course also end 
in their starvation. (Figs. 14 and 15.) 

Bais other than Desmodus. 

The only other bats which appear to have a special interest for us in con- 
nection with paralytic rabies at present are the two fruit-eating bats, Artibeus 
and Hemiderma, both of which have been found naturally infected with the virus. 

Both of these bats are found in the towns and in the country, but Artibeus 
is essentially a town bat and Hemiderma a country bat. They are commonly 
seen in the island and may be classed as agricultural pests. Artibeus has semi- 
diurnal habits and sleeps under the eaves of houses, the branches of trees and 
the fronds of palms. Hemiderma is the commonest bat in the island and has a 
large variety of sleeping places and is very commonly found associated with 
Desmodus. Numbers of these bats are being destroyed during the present 
campaign, usually by means of various netting devices with the main object of 
having their brains examined for Negri bodies. 
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The following tables show the number of all bats destroyed at their feeding, 
digesting and sleeping places : — 


Table II. 

Destruction of Dcsmodus rufus Bats in Connection with Anti-Rabic Controi. Measures. 
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Table III. 

Destruction of the fruit-eaters Artibeus and Heniiderma in Connection with Anti-Rabic Control Measures. 
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N.B. These bats were caught with the mai^ object of having their brains examined for Negri bodies. 
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Table IV. 

Destruction of Bats (other than Desmodus, Artibcus and Hcmidermd) in connectio.n with 

Anti-Rabic Control Measures. 



Number destroyed. 

1934, February to December 

100 

1935, January to July 

154 

„ August and September 

80 

Total 

340 


N.B. — These Bats were caught with the main object of having their 
brains examined for Negri bodies. 


VI. Laboratory Experiments and Results of Examin.\tion of 
Bats’ Brains for Negri Bodies. 

laboratory experiments. 

The following laboratory experiments have so far been reported from 
Trinidad and from Brazil. 

Trinidad. 

In addition to the work by Hurst and Pawan previously mentioned, 
Dr. J, L. Pawan (see References), Government Bacteriologist, has reported : — 

1. That an emulsion of the brain of a naturally infected Desmodus bat caught while 
biting an animal, when injected subcutaneously into a calf, W’as able to produce paralytic 
rabies in that calf. 

2. That the virus of a naturally infected bat from an infected area was successfully 
inoculated into a monkey (species not reported) and then passed on through a series of 
calves, producing typical symptoms of the disease as it occurs in the field under natural 
conditions. 

3. That the inoculation of dogs with virus from field cases direct has always proved 
negative, but that after passage through monkeys it was possible to produce the disease in 
four dop. In no case, however, did the dogs show symptoms of furious rabies, the dumb 
form with paralysis of the hind legs and jaw being always constant. 

4. That the saliva from both human and animal cases is infective and is able to 
transmit the disease to rabbits. 

Captain H. V. Metivier (see References), Government Veterinary Surgeon, 
has also reported the following experiments : — 

1. In October, 1931, shortly after the publication of Hurst and Pawan’s paper three 
Artibeiis bats (fruit-eaters) were caught at the Government Farm whilst biting and fighting 
with each other. An emulsion made of the brains and salivary glands of these three bats, 
when inoculated subcutaneously into a guineapig, a rabbit and a calf, produced typical 
symptoms of paralytic rabies in each animal. These were the first bats proved to be 
infected with rabies in Trinidad. 

2. The inoculation of dogs with virus from field cases direct has always proved 
negative. The experiments carried out at the Government Farm confirm Dr. Pawan’s 
experiments at the Government Laboratory. 
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3. The inoculation of milk from an infected cow into the cheek muscle of a calf proved 
negative. 

4. Guineapigs remained quite healthy after being inoculated with macerated ticks 
which had been fully gorged with blood from an infected animal. 

5. Two Desmodus bats injected with brain emulsion from an infected animal did not 
contract the disease. 

6. Three Desmodt(s bats, after having infected animal salivary glands rubbed into their 
scarified skin, did not contract the disease. 

7. Three Desnwdtis bats inoculated intramuscularly and subcutaneously with blood 
from an infected animal failed to contract the disease. 

8. Two fruit-eating bats, after having infected animal salivary glands rubbed into their 
scarified skin, also failed to contract the disease. 

N.B. — ^Ali these bats remained alive for several months after the experiments and before 
being examined for Negri bodies. 


Brazil. 

A number of workers at the Institute of Animal Biology (1934) have shown 
that ; — 

1. Neither the dog nor the small carnivorous animals belonging to the dog and cat 
families were in any way affected by the epizootics. 

2. That a live Desmodus bat caught biting a cow in an epizootic focus was proved to 
have the virus of rabies in its salivary glands and brain. 

3. The field hart, the tapir and the monkey are subject to the disease after inoculation, 
but cannot ordinarily be the agents of transmission. 

4. Direct contagion among infected white mice, guineapigs and cattle was not 
possible. 

5. Bullocks fed with hay moistened with saliva from infected cattle did not contract 
the disease, 

6. Bullocks bitten by flies and ticks feeding on infected cattle failed to contract the 
disease. 

7. The saliva from infected cattle failed to infect white mice and guineapigs. [N.B. — 
Dr. Pawan proved it infectious to rabbits.] 

8. Desmodus cannot be infected by lapping blood from infected cattle. 

9. A Desmodus bat inoculated with bovine rabies can infect healthy bats when kept in 
confinement with them. 

10. Four Desmodus bats after inoculation with bovine rabies virus, though showing no 
symptoms of rabies themselves, were capable of transmitting the infection to twenty-five 
healthy cattle within 1 to 4 months after experimental inoculation. One such bat killed 
after 5 months was proved to have its salivary glands infected. 

Confirmation of this last experiment ivould mean not only a new addition 
to our knowledge of the virus of rabies, but would also further indicate the 
necessity for considering the carrier problem in connection with viruses in 
general. 

In addition to these reported experiments a number of experiments are 
now in progress in Trinidad dealing with Desmodus, Artibeus, Hemiderma and 
other species of bats. These should prove to be of definite value in working 
out the epidemiology of the disease and possibly in instituting more effective 
control measures. 
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It should be noted that the diagnosis of rabies both in Trinidad and Brazil 
has been made by (a) its symptoms, (b) experimental inoculation, (c) the presence 
of Negri bodies and (d) the power of immunity to the disease given by the 
vaccine prepared from the fixed virus. 

EXAMINATION OF BATS’ BRAINS FOR NEGRI BODIES. 

Towards the end of 1934, as the various methods of capture and destruction 
of Desmodus were gradually being devised, it was realised that the routine 
examination of the brains of bats for the presence of Negri bodies, which is an 
accepted proof of the presence of rabies, would be of material assistance in 
locating the foci of infection in the bats, not only in known infected areas where 
animal and human cases of paralytic rabies had occurred, but also in non- 
infected areas ahead of the endemic and epidemic centres. 

Table V (on opposite page) shows the results of these examinations. 

The highest percentage of infection in Desmodus bats was obtained in the 
following roosting places. Most of the other infected Desmodus were found as 
isolated cases : — 

Table VI. 



Number of 

Number 


Per cent. 

Roosting Place. 

Desmodus 

Captured. 

Examined. 

Positive. 

Positive. 

Castee Cave 

116 

Ill 

16 


Arranguez, underground drain 

166 

161 

10 


Valencia, 2 hollow trees 

47 

37 

3 

8-1 

Maraval Cave 

37 

36 

3 

8-3 


VII. Epidemiology and Control of Paralytic Rabies. 

EPIDEMIOLOGY. 

The following summarized factors appear to have a definite bearing on the 
epidemiology of the disease ; — 

1. Paralytic rabies exists naturally in Trinidad among animals and human 
beings. The disease is easily recognised by those who have seen cases previously. 
The affected animals include cattle, horses, mules, donkeys, pigs, goats and sheep. 

2. Both the animal and human diseases occur in epidemic form in definite 
groups over comparatively short periods of from 1 to 10 weeks, after which it 
appears to linger in endemic form in the affected district as evidenced by the 
occurrence of a number of more or less isolated cases. 















Table V. 

Results of Histological Examination of Bats’ Brains for Presence of Negri Bodies.* 
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Heavy type = Totals. 

* This examination was kindly undertaken by Dr. J. L. Pawan, Government Bacteriologist. 
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3. In a certain number of the endemic areas, the disease has been known 
to flare up again in more or less epidemic form at a later date. 

4. The disease, once established in a district, remains there for a period 
varying from about 6 to 18 months or 2 years or even longer, after which it dies 
out completely and does not return for several years. 

5. In the case of the 1935 outbreak this period of complete freedom from 
the disease had lasted 6 years. 

6. There appears to be a definite seasonal fluctuation in the incidence of the 
disease except perhaps in 1935. 

7. The first evidence of the existence of the disease among the bats consists 
in an increase in the frequency of biting of animals and persons. The animal 
disease has also invariably preceded the human disease. The mortality in both 
cases is 100 per cent. 

8. Though the animal disease has been known to occur in fairly large 
numbers over the whole island at one time or another from 1925 to 1935, the 
human disease has remained confined to comparatively few areas only and 
altogether 55 cases have occurred between 1929 and 1935. 

9. The bat is the only other mammal found by Dr. Pawan to be naturally 
infected in Trinidad. 

10. Three species of bats have so far been found infected. 

11. Two of the species are fruit eaters and presumably, therefore, incapable 
under ordinary conditions of transmitting the disease to animals or man, but it 
is possible that they may act both as vectors of the disease among their own 
species or as reservoirs of the disease for other species of bats and especially 
for Desmodus. 

12. The third bat of the species Desmodus, is an animal which is not only 
able to bite like the dog, but even after biting is apparently able to continue 
infecting the wound for about 15 to 25 minutes whilst lapping up the blood — 
the resulting dose of virus must presumably, therefore, be a very heavy one, 
and it is suggested that this may account for the paralytic type assumed by the 
disease as usually occurs after extensive bites, c.g. by rabid wolves (Hurst and 
Pawan, 1931, p. 10). With one exception a history of bat-bite has been obtained 
in the forty cases of human paralytic rabies investigated. 

13. The great majority of the cases of paralytic rabies among human beings 
occurred after one bat-bite only. The incidence of cases among unprotected 
individuals who were bitten in two recently infected areas equalled 31 and 
41 per cent. These figures are considered to be only approximately correct. 

14. The incubation period in men and animals is usually about 3 to 4 weeks 
but may be prolonged occasionally to several months. 

15. In the recent outbreaks Desmodus infection was found to be closely 
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correlated to the incidence of paralytic rabies in animals and man, and where 
there were a large number of cases the infection amongst the captured Dcsmodiis 
in the immediate vicinity was correspondingly heavy. 

16. Dcsmodiis bats with sleeping places in or near populated centres may 
almost be considered as domesticated animals, and in many instances they live 
in very close proximity to man. Their similarit}’^ to rats in this respect is very 
striking. 

17. Cave-inhabiting Desiiiodus with sleeping places away from populated 
centres appear to fly at least about 1 mile to their victims, usually down in 
the valley below. 

18. These cave-dwelling Dcsmodiis appear to live in large rather than small 
communities, with the result that only a small percentage of favourable caves 
examined are now being utilized by tliese bats as sleeping places. 

19. Caves, hollow trees, drains or other sleeping places, when once located, 
continue to form excellent traps for other Dcsmodiis living in that neighbourhood. 
It is clear that Dcsmodiis bats usually have more than one sleeping place. 

20. Reported laboratory e.xperiments from Trinidad and Brazil prove 
conclusively that paralytic rabies now exists in Trinidad among animals, bats 
and human beings ; and in Brazil among animals and bats. They show, further- 
more, that an infected blood-lapping vampire bat is capable under natural 
conditions of transmitting the disease to animals and men, as well as to its 
own kind. 


Method and Spread of the Disease amongst Animals, Human Beings 

AND Bats. 

Animals. 

As Dcsmodiis bats are in the habit of feeding at least once nightly on animals, 
it is easy tp see how the^ introduction of one or more infected Dcsmodiis into a 
community of bats may account for the existence of the animal disease throughout 
the year in a district in endemic or epidemic form. 

Human Beings. 

In the case of human beings, however, the following two epidemiological 
findings 'appear to require some explanation : — I. Why is the disease in human 
beings confined only to certain small areas, whilst it is actually prevalent in animals 
over very large areas ? II. What is the actual cause of the outbreak of an epidemic 
and why is it seasonal ? (This question, of course, also refers to animals.) 
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I. As an explanation for the limitation of the human disease to certain 
small areas only, such reasons as the following might be put forward : (1) The 
bat-proofing of animal sheds in such areas ; (2) the removal of animals from 
such areas ; (3) habitual biting of certain persons by bats in those areas. From 
field experience the above three explanations, though operating in some instances, 
do not appear to hold good as a whole ; (4) a fourth explanation is now suggested, 
viz. “ A change of habit in the infected bat at some period of its infected life.” 
As offering some evidence of this possibility two Desmodtis bats, among a large 
number of others kept under observation in cages, were seen to be restless and 
unusually active in the daytime and died within a few days. On examination 
of their brains, Negri bodies were found. Is it possible that these bats might 
be the “ daylight ” bats previously mentioned and that these “ daylight ” and 
changed habits appear only a few days before death ; and, further, that a few of 
these bats operating under favourable conditions, as mentioned in (1), (2) and 
(3) above, may prove to be the main cause of the human element of the disease ? 

II. The explanation for the cause of an outbreak of an epidemic among 
animals and men, which usually occurs about the same time, might also lie in 
the same direction, as presumably a community of infected bats might well 
provide a sufficient number of such bats with changed habits operating at the 
same time. 

With regard to seasonal fluctuation in the incidence of the disease the 
possible increased seasonal breeding of the bats at certain periods would appear 
to offer the most reasonable explanation, though there is as yet no definite 
evidence of this. 


Bats. 

As to the method of spread of the disease among Desmodtis bats, it would 
appear reasonably certain that it is possible for one or more infected Desmodtis 
(roosting in clusters as they do in such close and intimate contact with the 
other members of a community) to cause the gradual infection of the whole 
or the greater portion of that colony over a period of several months. As evidence 
of this, it has been found that a fair percentage of Desmodtis bats, when captured, 
show numbers of scars over their heads and bodies, and also that Desmodtis 
bats, when kept hungry in confinement together, commonly attack each other 
for feeding purposes. 

It is also suggested that, while feeding from the same wound in the same 
animals, healthy Desmodtis from neighbouring colonies might easily become 
infected by Desmodtis from an infected colony, either through biting or from 
infected saliva via the mucosa of the mouth or intestines. 

In this, manner, the disease might presumably spread from district to district, 
and it is inferred that the several colonies of bats responsible for the human or 
animal outbreak in a locality, might automatically and gradual^ become exter- 
minated over a period of 6 to 18 months or 2 years, the duration of the outbreak 
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being dependent on the number and size of the colonies responsible for the 
outbreak and on the proximity of their various feeding grounds. 

The infection among the fruit-eating bats would appear to have originated 
from the bites of infected Desinodus and to be maintained similarly, as well as 
through the infected bites of their own species. It is also possible that fruit- 
eating bats, when rabid, might attack and infect Desmodtis bats of their own as 
well as of neighbouring districts as their range of flight is more extended owing 
to the enforced necessity of searching out fruit-bearing trees over a wide area 
during the various seasons. This possibility should also be borne in mind in 
connection with the seasonal fluctuations of the disease. 

CONTROL OF THE DISEASE. 

If the probable method of spread above described be accepted as a working 
basis, the control measures in order of importance would appear to be as 
follows : — 

1. Destruction of all Desmodus bats in all areas where paralytic rabies is 
actually occurring in animals or human beings : the complete absence of bat- 
bites amongst animals, fowls or man to be the final test of success. 

2. Destruction of individuals and colonies of Desmodus, Artibeus and 
Hemiderma for purposes of brain examination for the presence of Negri bodies 
in all non-infected areas in close proximity to infected areas as at (1). Control 
measures as at (1) should be immediately instituted in all such areas where 
infected bats are found — ^the prevention of the spread of rabies from the bat to 
animals and man in such areas to be the final test of a successful campaign. 

3. Protective inoculation and protection from bat-bites. 

4. Educational and propaganda work for encouraging co-operation in 
control measures. In this connection, a film embodying the results of the above 
work has been prepared locally by the authors and produced by the Tucker 
Picture Co. of Trinidad. This is proving to be of some definite educational 
value. 

5. As the locating of Desmodus sleeping places is sometimes difficult and 
might entail dangerous delay, a complete survey to show and record all known 
and possible feeding, digesting, and sleeping places throughout the island is 
now in course of preparation. 

The following five charts (Figs. 16-20) deal with surveys which were 
carried out during the two local outbreaks of twenty cases from April to July, 
1935, and show clearly the epidemiological findings and the method of spread 
and control of the disease as outlined above. 

Three of the surveys deal with infected areas, i.e., areas where animal 
or human cases were occurring ; whilst the fourth shows a non-infected area 
bordering on two of the above infected areas ; the fifth deals with the City of 
Port-of-Spain, also a non-infected area in close contact with two of the above 
infected areas. 
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VALENCIA VILLAGE 


An Infected Area 

SUIlVET ANDCCNTROL V/C)V.-AP*1L. MAY AND JUNE. 1931 



REFERENCE. 

Shaded portions *= Built-up areas. 

^ Premises where Animals or Poultry 
were not bitten by Desmodus bats, 

BAT BITES. 

@ Premises where Animals were bitten 
by Desmodus bats, 

(Q Premises where Poulin,- were bitten by 
Desmodus bats. 

O Human being bitten by Desmodus 
bat. 

PARALYTIC RABIES. 

® Paralytic Rabies Ca^e in Animal. 

n Paralytic Rabies Case in Human Being. 

a Rabies-infected Desmodus bat. 

Ztat-Ce Feeding place of Desmodus b.its— 

number = number caught. 

C<i-Crert Digesting place of Desmodus bats. 

Tree Sleeping ditto. — ditto. 

Cnve Sleeping ditto. — ditto. 

etc ezrj Sleeping ditto. — ditto. 


SUMMARY OF V/ORK BONE. 

BAT BITES. 

Anlmalj bitten (approx.) • • 

Premise: on which Poultry were bitten 

Human Eeinjs bitten • 

PARALYTIC RABIES. 

Animals .... 
Human Beings ... 

Bau Infected— Ormodwr • 

Hcmiderma * 


POPULATION OF DISTRICT, 8S9. 

Percentage of Population bitten 

Percentage of Paralytic Rabies cases among 
those bitten - . - - 

ANIMALS. 

Percentage bitten (approx.) - - - 

Percentage of Paralytic Rabies cases among 
animals bitten , - - - 

Vttmodus bats caught - - - 

Percentage Infected ... 

Hollow Trees examined . - - 

Found with Deimodui bats 

Caves examined .... 
Found with Detmodui bats - • 


A1 

12 

17 


41 

55 

2-4 

49 

4 

62 

2 

3 

0 


Fig. 16. — ^Valencia. 


This is a small recently established village surrounded by forest 
about 24 miles from Port-of-Spain. 


Note : (q) The low incidence of animal paralytic labies due to intensive anti-rabic vaccination some months previously, 
(6) The high incidence of the human disease among persons bitten. 

(c) The small weekly capture of Desmodus bats from only 2 of C2 hollow trees examined. 
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SANTA CRUZ VALLEY AND SAN JUAN 

An Infeaed Area. 

SUfLVEY AND CONTROL WORK DONE OURINC 
JUNE AND jOLT. 1»35. 

SUMMAfir OF WORK DONE. 

BAT BITES. 


AntmaU bitten (approx.) 

. 

164 

Premises on which Poultry were bitten not reported 

Human Beings bitten • 

- 

39 

PARALYTIC RABIES. 

Animals . . , . • 

07 

Human Belnp - • 

* 

12 

Bats Infected— • 

* 

37 

POPULATION OF DISTRICT. 3.6SS, 
Percentage of Population bitten • - 

10-7 

Percentage of Paralytic Rabies 
these bitten • 

cases among 

31 

ANIMALS. 

Percentage bitten (approx) • 

- 

18 

Percentage of Paralytic Rabies 
animals bitten 

cases among 

S3 

Vttmodut bats caught 
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Percentage Infected • 

* 

10-7 

Hollow Trees examined • 


12 

Found with DesmoJut bats 

. « 

0 

Caves examined • • 

• » 

20 

Found With Dftm»dut bats 

• 

3 


Iv ■ : J 
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REFERENCE 

Shaded portions « BuiU-up areas. 

Q Premises where Animals or Poultry 
were rro/ bitten by /^e'smoc/i/s bats. 

BAT BITES. 

@ Premises where Animals were bitten 
by Desmadus bats. 

['remises where Poultry were bitten by 
Pesmodus bats. 

O being bitten by Desmodas 

bat. 

PARALYTIC RABIES. 

E Par.ilvtic Rabies Case in Animal. 

H l>.,r. i!viic Rabies Case m Human Being 

s I’.iincs-infectcd Desmodus bat 
r [■ftding place of Desmodus bats— 

number *= number caught. 


\ r:-: ; 


aaaii 

fuf^cec O.VuMing plac 

:e of Desmodus bats. 



n aaa 

hed^Ci^' Tret Skeping 

dtUo 

— ditto. 
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€r.ee bleeping 

ditto 

— ditto. 
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ditto 
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Fig. 17. — San Juan Village and Santa Ckuz Valley. San Juan is an open, thickly- 
populated dairying village 3 to 4 miles east of Port-of-Spain. Santa Cruz Valley extends 
northwards and consists of a number of cocoa estates surrounded by forest-clad cave-bearing 

hills about 500 to 1,000 feet high. 

ATofe : (a) The high incidence of animal paralytic rabies — ^no recent vaccination had been undertaken here. * 

0) The high incidence of the human disease among persons bitten. 

(c) The high incidence of the disease among the Desmodus bats captured in the Casti Cave 1 mile above the valley 
as well as in the Aranguez underground drain at San Juan. 

(<z) The close correlation existing benveen the animal and human diseases and the rabies infection amongst the 
Desviodus population. 
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MARAVAL VALLEY. 

A Recently Infected Area. 

INCOMPLETE SURVEY AND CONTROL WORK 
JUNE AND JULY. I93S 




DIEGO. MARTIN 
VALLEY, o ^ 


O 


SUMMARY O? WORK DONE 

BAT BITES. 

Premises on which Animal; were bitten - ! 1 

Premises on which Poultry were bitten • not reported 
Human Beings bitten - . • 0 

PARALYTIC RABIES. 


j Human Beings 

j Bats Infected— Drxmoi/«j 

Detmodut bats aught 
‘ Percentage Infected 

aaa O) 

0^° 0 > vn 

41 0 ( e 

0 0® 

\ / 000 0 > 

REFERENCE. 

Shaded portions — Built-up areas. 


SANTA CRUZ 
. VALLEY 




' .'I'.' ' 

■ ' • ' I \ ' ' 


y.M O Pf^tBiscs where Animals or Poultry 
were not bitten by Desmodus bats. 

y ' n,\T BITES. 

' - @ Premises wlicrc Animals were bitten 

by Dcsmodiit Irats. 

(O Premises wlicrc Poultry were bitten by 
IJesmodus lints. 

m Human being bitten by Desmodus 
bat. 

PAUAI.rriC RABIES. 

0 Paralytic Rabies Case in Animal. 

B Paralviic Rabi'js Case in Iliim.in Being. 

53 K.ibiub-infcctcd Dcstjwdtts 

Sta^-€c Fuctiiir.: phicc of Desmodus l)nt5— 

iuiml)LT — i numbor coiigiit. 

Civ^verC Diijcpiing place oi Desmodus bats. 

Sleeping dillo. — ditto. 

Cuvo Sleeping ditto. — ditto. 

DXGuhdi.. t - 1 Sleeping dillo. — ditto. 


.PORTjOF-SPAIN.N^^^^ V, s 


Fig. 18. — ^Maraval. This narrow residential and cocoa cultivated valley lies about 4 
miles north of Port-of-Spain and is surrounded by cave-bearing hills about 1,000 to 1,500 

feet high. 

l^olt : (a) Its proximity to the neighbouring infected Santa Cruz Valley, 

(6) The incompleteness of the survey. 

(c) The early correlation between the animal disease and the infection in the bats. 
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DIEGO MARTIN VALLEY. 

A Non-lnfected Are» Bordering on Infected Areu. 
SURVET AND CONTROL WORK-JUNE AND lULY, l»JJ. 


OS 


SUMMARY OF WORK DONE. 

BAT BITES. 

Animals bitten (approx.) ... 
Premises on which Poultry were bitten 
Human Beings bitten ... 

PARALYTIC RABIES. 

Animals ..... 

Human Beings .... 

Bats Infected— DetmtnA/x ... 

POPULATION OF DISTRICT. 3, OSS. 
Percentage of persons bitten • . 

animals. 

Percentage of animals bitten (approx.) • 46 

DtjmaJus bats caught ... 206 

Percentage of Infected DtmoJuj • * I S 

REFERENCE. 

Shaded portions = Built-up areas. 

Q Premises where Animals or Poultry 
were not bitten by Desmodus bats. 

BAT BITES. 

@1 Premises where Animals were bitten 
by Desmodus bats. 

Premises where Poultiy were bitten by 
Desmodus bats. 

rt Human being bitten by Desmodus 
bat 

PARALYTIC RABIES. 

0 Patalytic Rabies Case in Animal. 

C5 Paralytic Rabies Case in Human Being. 
Ei Rabies-infected Desmodus bat. 
SCairlC' Feeding place ol Desm'odus bats— 
number = number caught. 
Culve/it/ ^ Digesting place ol Desmodus bats. 
HQllouttiU ^ Sleeping ditto. — ditto. 

Cave, O Sleeping ditto. — ditto. 

Thai/netc. e i-n Sleeping ditto. — ditto. 



Fig. 19. — Diego Martin, This is an old-established populated cocoa-growing area 
4 to S miles west of Port-of-Spain. The hills around are all cave-bearing and forest-clad, 
in parts, and about 1,000 to 1,500 feet high. 

Note : (a) The absence of animal or human paraytic rabies cases. 

(6) The presence of three infected Desmodus bats. 

(c) The intensive biting of only animals and poultry in the southern section. 

(d) The high incidence of biting of human beings in the northern portion. 

(e) Its proximity to the neighbouring infected Mara\’al Valley on the East. 
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an OF POKT-OF-SPA\N. 

POPUUTION 73,000 

^35 


K NoMnfccted A-rti Bordering on Weeted Arei: 
njivtY AND coNTfOt wo^»: 

Ut majich to JIM 'uu. HJ5 



REFERENCE. 

Shaded portions = Built-up areas. 

Q Premises lA-here Animals or Poultry 
were not bitten by Deimodus bats. 

BAT BITES. 

I Premises where Animals were bitten 
by Desmodui bats. 

Premises s\bere Poultry were bitten by 
Pesmodus bats. 

O Human beiny bitten by Dfsmodus 
bat. 

_ PAHALM'IC rabies. 

Paralstic Rabies Case in Animal. 
Paralstic Rabies Case in Human Being. 
Rabies-infected Desmodui bat. 
Feeding place of Pesmodus bats— 
number = number caught 
Current y Digesting place of Pesmodus fuis. 
HoitctiTne Sleeping ditto. — ditto. 

Cave Sleeping ditto. — dutoi 

PrainiCtC.^Zin Sleeping ditto. - ditto. 

Sleeping places of>-lr/i'Z;euj(fruit-eating 
bats). Fruil-caling bats caught here. 
Sleeping places of Insectivorous Bats. 
Insectivorous bats caught here. 


Sta'tte 


n 

a 

A 


SUMMARY OP WORK DONE 

BAT BITES. 

Animals blttei « . • 

Poultry bitten • • . 

Human Beings bitten 

paralytic rabies 

Animals .... 
Human Beinjs , . - 

Oats Infected— and other species 




Driri9duf bats caught . . • 

Sleeping places of Ariiheus (fruit eating) bats 
Fruit eating bats caught here. 

Sleeping places of Insectivorous bats 
Insectivorous bats caught here. 


24 

t 

2 

0 

0 

0 

57 

5& 


Fig. 20. — Port-of-Spain. This is the capital of the island, situated on the Gulf of Paria 
about 25 miles from Venezuela and is surrounded by cave-bearing hills about 200 to 800 
• feet high. Population about 73,000. 

Note : (a) The complete absence of animal or human paralytic rabies as well as of infected Deimodus bats. 

(6) The low incidence of bat-bites especially among human beings in spite of 

(c) The comparatively large number of Deimodus caught in the immediate neiglibourhood as well as in the town, 
(c) The large number of fruit-eating and insectivorous bats being destroyed in the town as a funher safeguard. 
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VIII. Conclusion. 

The following conclusions would appear to be justifiable : — 

1. Paralytic rabies exists on a fairly large scale amongst animals in Brazil 
and in Trinidad. The human form of tlie disease has so far been reported only 
from Trinidad, and to a limited extent only. 

2. We must consider the possibility that the disease may be due to a 
modified form of the virus of rabies. The vampire bat Desmodus is the only 
known vector. 

3. The control of the disease is dependent principally on the control of the 
Des7nodiis population in the affected areas, but the possible relation of fruit- 
eating and other bats to the spread of the disease appears to require further 
investigation. 

4. Effective methods of destruction of Desmodtis and other bats have been 
evolved in Trinidad and should prove to be of value elsewhere. 

5. In view of the fact that the proved transmitter of the disease exists 
tliroughout South and Central America and is a flying mammal with an apparently 
fairly wide range of flight, the disease with a mortality rate of 100 per cent, 
should be considered as a serious public health problem, not only to Brazil and 
Trinidad, but also to the rest of South America and Central America. 
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Discussion. 

Dr. J. W. Lindsay : What I have to speak about on the present occasion 
is bovine paralytic rabies. What we have been hearing from Dr. de Verteuil 
this evening has impressed me so much that I hardly know how to begin, because 
I shall be taking you away back so far, to the time when we knew nothing of 
the subject on which he has been speaking. 

I should like, first of all, to emphasise the economic importance of the 
subject, especially in connection with the control of paralytic rabies. Dr. 
DE Verteuil has spoken of Trinidad. We have with us tonight Dr. Magarinos 
Torres, of the Oswaldo Cruz Institute, Brazil, and I feel rather shy about 
speaking before him, seeing that nearly all I have to say I have learned from his 
Institute. We have in Paraguay a national doctor who was trained in Brazil 
and it was he who, when he came to Paraguay, began seriously to investigate 
the question of bovine paralytic rabies. In South America a huge territory is 
involved ; and in the last 10 years hundreds of thousands of cattle have been 
lost in Brazil, Argentina and Paraguay, where there has appeared in recent years 
an epizootic disease, attacking cattle, horses and pigs, with symptoms of 
paralysis. In a paper published in the Transactions in 1933 my son. Dr. 
ICenneth Lindsay, wrote ; — 

“During recent years a new disease has made its appearance among cattle. It is 
known locally as bovine mal de caderas, but this is a misnomer. One searches in vain 
for Trypanosoma in both the blood and the cerebrospinal fluid of affected animals. Negri 
bodies are to be found in the spinal cord, and Migone and Pena (1932) and others regard 
the disease as a form of rabies. It is spreading slowly throughout the continent and 
causes great loss of stock. Usually the more robust animals go down with it first. The 
mode of transmission is not known, but vampire bats have been suspected. No remedy 
has been found, and the disease is always fatal, death usually taking place about the third 
day.” 

In Paraguay, in September, 1928, the National Institute of Parasitology 
was notified of the outbreak in certain estancias or ranches of alarming epidemics 
of “ mal de caderas ” among the cattle. It was well known that cattle did die 
with symptoms similar to those of mal de caderas of horses, but such cases had 
never been investigated. When, however, in 1928 the cattle were dying at the 
rate of 25 to 30 per cent, the cattle owners became alarmed. The chief investi- 
gations were made on the estancias of the Liebig Extract of Meat Co., Ltd., in 
Paraguay. All the most modern methods for the care of cattle were in use by 
the Liebig Company — segregation of herds in separate paddocks, the burning 
of animals dead from disease, disinfectant bathing of pure bred stock, etc. 

The chief symptoms of this disease, in which the finest of the stock fell 
sick, were loss of appetite, general indisposition, hair rough, tremors of the 
body, lameness and dragging of hind legs, and weakness of forelegs, with 
diarrhoea and sometimes (especially in milk-cows) constipation — tliis continues 
for about 3 days, after which the animal falls down and cannot rise again, dying 
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in another 3 days or so. Postmortem examination of dead animals showed 
congestion and haemorrhages of the meninges and spinal membranes, but 
these were not such as to have in themselves produced the paralysis, which was, 
therefore, considered to be caused by the intoxication of the central nervous 
system by the toxins of the causative agent of the disease. 

The Paraguayan pathologists, since the days of their first teacher, Elmassian, 
had been well able to diagnose mal de caderas by at once demonstrating the 
trypanosome in the ordinary cases of the horse disease, but in this new disease 
neither the repeated and methodical examination of the blood, nor experimental 
inoculations had been able to demonstrate the trypanosome or any other 
protozoon. Differential diagnosis was thus made between it and other similar 
diseases of a “ septicaemia haemorrhagica ” type. 

Within the last 10 years there have been two very widespread epidemics 
of canine rabies, in which the dog population in many parts almost completely 
disappeared. There were very few cases of human rabies with hydrophobia, 
but very many cases of domestic animal rabies among sheep, cows, calves, pigs 
and cats. The last epidemic of canine rabies was in 1931, and it coincided with 
the subsidence of the bovine mal de caderas ” (so-called) epidemic of 
1928-31 ; while the previous canine rabies epidemic of 1926-27 had preceded 
the appearance of the cattle disease. 

It was at that later date (1930-31) that the Paraguayan pathologists, 
probably following up the suggestions made of some connection between 
“ rabies ” and the new disease, discovered what they had previously missed, 
viz. Negri bodies in the central nervous system of animals that had died from 
“ bovine mal de caderas,” or, as they had called it, “ pasteurilosis paresiante del 
Paraguay.” They also adopted the suggestion that the infection was carried 
by bats, and investigations were immediately made along that line as to the 
habits of the local bats in relation to cattle, with the result that they found that 
bats, caught in the epidemic areas, showed abundance of Negri bodies and must 
therefore be blamed as the carriers of the virus that produced the disease. 

Sporadic cases continue to occur in Paraguay, although, now that its cause 
is assumed to have been proved, the authorities and the ranchers work in closer 
co-operation for its control. 

Let me mention in more detail a few historical and geographical points 
connected with paralytic rabies (bovine) in South America. As early as 1911 
there occurred in the Province of Santa Catharina in Southern Brazil a cattle 
epidemic that was diagnosed by the Sao Paulo authorities as a form of “ rabies.” 
Kraus and Remlinger and Bailly disputed this and maintained that the disease 
must have been the “ bulbar paralysis” of Aujeszky. Later “in 1921 Haupt 
and Rehaag in Brazil reported that cattle bitten by vampire bats developed 
‘ rabies,’ and then the experimental investigation of a bat caught biting a cow 
confirmed the supposition that these creatures were the vectors.” 

In 1930-31 Rosenbusch was in Paraguay studying the “ bovine mal de 
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caderas ” then epidemic in the country. He sent material to Remlinger and 
Bailly and they concluded that the disease was identical with “ rabies.” 

In Paraguay Drs. Migone and Pena of Asuncion continued the investiga- 
tions. They sent material obtained from cattle dead from “ bovine mal de 
caderas” to Professor Kraus of Santiago, Chile, who, as the result of experiments 
made with the material proved that the “ bovine mal dc caderas ” was caused 
by a “ virus of rabies.” Inoculated animals — rabbits, sheep, dogs, guineapigs — 
showed characteristic paralytic symptoms and died, and Negri bodies were 
found in their brains. Migone, in December, 1931, wrote, rather quaintly, 
that “ Kraus asks me to send him some bats for his experiments, but that for 
us is almost impossible.” Such difficulty was indeed very real, as the great herds 
of cattle in the infected territories roam over widely extended areas, generally 
many miles from human habitations, and the bats that would infect them would 
live in the great forests. 

At that time (1932) the Sao Paulo investigators were working to clear up 
some points in connection with the disease, and especiall}' to prove that bats 
were indeed the transmitters of the “ paralytic rabies ” in cattle. There were 
in 1934 and there have been up to the present time, continuous investigations 
going on in Brazil in regard to the exact differential diagnosis between the 
” bulbar paralysis ” of Aujeszky, and the “ paralytic rabies ” of bat-bite — both 
diseases having been proved to be co-existent in certain parts of South America. 
No human cases of “ paralytic rabies ” were reported in Brazil or Paraguay, 
even although it is a fact that the first cases reported in Paraguay in 192S of the 
“ bovine mal de caderas ” were in milk cows and cart bullocks kept in the 
paddocks near the farms, the outbuildings of which generally harbour crowds 
of bats. There is no proof that they were not cases of .A.ujeszky’s disease. 

That from the economic point of view the disease must be considered as 
a serious menace to the tropical countries of South America can be gathered 
from the fact that by the year 1932, the Brazilian States of Rio Grande do Sul, 
Santa Catharina, Matto Grosso, Southern Amazonas and the neighbouring 
countries of Paraguay, Bolivia and Argentine had all been ravaged by this 
disease — which has thus caused enormous losses to cattle owners. Unless the 
disease disappears naturally from the extermination of the infected bats, the 
control of it will be very difficult in the outlying districts of the territories 
I have mentioned. 

Dr. Magarinos Torres said that though he had himself done no work on 
paralytic rabies in cattle, he well remembered the investigations carried out 
at his Institute, and the demonstration that the disease was actually rabies and 
that it was carried by bats. 

He said that when he arrived last week on his first visit to London he' 
hardly expected to be asked to speak at this meeting but he would like to describe 
a Brazilian way of catching bats — one goes out at night, with a long bamboo : 
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this is vibrated rapidly in the air and attracts the attention of the bats, which 
are killed by the rapid movement of the bamboo when they fly against it. 

Professor J. C. G. Ledingham : There is, I am afraid, no time to take up 
the many intriguing virus problems which Dr. de Verteuil’s fascinating com- 
munication has raised and I must content myself with expressing my great 
appreciation of the important W'ork w'hich he and his colleagues have carried 
out in the attempt to control the vampire plague in Trinidad. By studying the 
activities of vampire bats in spreading rabies they have made notable contribu- 
tions, I imagine, to our knowledge of the natural history and habits of these 
animals. I regret the absence of Dr. Hurst, who might have discussed from 
first hand experience some of the new data relating to rabies infection in vampire 
hosts. I recall the evening four years ago when he produced the sections from 
the first monkey w’hich succumbed to intracerebral inoculation with material 
from Trinidad, after exhibiting somewhat unusual and suspicious symptoms. 
As Dr. DE Verteuil has said, we were informed that the local diagnosis of the 
human cases was some kind of poliomyelitis or ascending myelitis, and of the 
cases in cattle, some kind of botulism. We were not, therefore, prepared for 
rabies. Typical Negri bodies were present and at once the question arose 
whether any one had been bitten by the monkey during its illness. One labora- 
tory assistant had a few days before been bitten and he had to go through a 
course of antirabic immunisation, and as the investigation proceeded two or 
three others had to undergo this troublesome immunisation owing to some 
inadvertent pricking of the fingers through rubber gloves while performing 
autopsies on monkeys. The problem is one of vampire control and of the 
study of rabies in vampires, the latter now greatly facilitated by the fact that these 
animals can be kept in captivity and artificially fed. It would be of great interest 
to ascertain what constitutes the ultimate reservoir of the rabies virus, whether it 
is in the bat or possibly in carnivora, as I understand infection may be carried by 
bats flying over from Venezuela. We are also likely to obtain as the investigation 
proceeds some definite information on the very important question of virus 
carriers in nature — a question on which recent work on psittacosis is already 
throwing light. We shall look forward with great interest to further develop- 
ments of these investigations in Trinidad. 

Dr. W. H. Andrews : With respect to the distribution of the disease, I 
understand that some years ago Brazilian workers who were studying the 
condition near the frontier of British Guiana, also studied cases in cattle on the 
British side of the border, and found this peculiar form of rabies to exist there. 

It is of considerable interest from the veterinary side to note, however, that 
some time later an outbreak of cattle disease in the same area of British Guiana 
was investigated by the Government Veterinary Surgeon, who did not find 
this form of rabies, but a condition that appeared to be probably Aujeszky’s 
disease, or infectious bulbar paralysis. There was a considerable clinical 
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dilference, this form of Aujeszky’s disease being characterised especially by 
intense pruritus. As far as domesticated animals are concerned, this form of 
rabies, or rabies-like disease, has become of enormous importance to South 
America, and it is interesting to note in the paper by Migone and Pena written 
in 1932, that a few sporadic cases had apparently been occurring in Paraguay 
for at least 20 years, but that it was only in the last 5 years that the disease had 
attained serious proportions. 

A virus from Trinidad has been maintained for several years at the Wey- 
bridge laboratory, and a point of interest is that the virus has been found easier 
to maintain in guineapigs than in rabbits. The transmission in guineapigs has 
proved to be considerably more regular, and another point of interest and some 
importance is that we have not found it necessary to expend time and trouble 
on subdural inoculation. The virus has been kept going quite well by sub- 
cutaneous inoculation into areas, such as the cheek, which are rich in neiv'es. 
r would have been inclined to expect few, if any, cases of the disease in the cat, 
on account of its nocturnal habits, and only very few cases in the dog, because 
of that animal’s custom of. sleeping “ with one eye open.” One would not 
expect these two species to give the bats many opportunities, but quite apart 
•from that aspect the dog appears to be very resistant to the virus, or, at any rate, 
to the strain which we have at Weybridge. Material which proved definitely 
infective to cattle and sheep has failed to infect the small number of dogs 
inoculated. 

Dr. de Verteuil (in reply) : I thank Dr. Lindsay very much for the 
interesting report he has given us about Paraguay. There seems to be no 
doubt, from that report, that the disease there is definitely rabies. It 
certainly is most interesting to hear that there was a large epidemic of canine 
rabies there in 1926, and again in 1931. The remarks which I wish to make 
in this connection also refer to a point brought up by Dr. Andrews. In actual 
fact dogs are fairly commonly bitten by the bats in Trinidad ; and although I 
agree with Dr. Andrews that decent dogs sleep “ with one eye open,” the type 
of dog we mostly have in Trinidad usually has both eyes closed, and many of 
them are the most sickly looking curs you could imagine. A fair number of 
dogs have been kept under observation, suspected to be suffering from symptoms 
suggestive of rabies, but in every instance the diagnosis of rabies has been 
eliminated. The point I should like therefore to make is this — is it possible 
for a rabid dog to bite a bat whilst it is lapping up its blood ? Dr. Andrews 
thinks not, but I do not see why it should be regarded as impossible, especially 
if the particular dog is such a specimen as described above. If therefore we 
think it possible for a vampire bat to be infected in this way by a rabid dog it 
Avould be interesting to consider whether the dog virus after several passages in 
the bat could become so modified as to produce in man those symptoms of 
paralytic rabies which are so typical of this disease to-day : I see no reason 
why that point should not be tested experimentally. 
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With regard to the remarks of Dr. Torrks : I was interested in his description 
of his method of killing bats. A similar method seems to be practised in the 
East — I have seen it shown on the screen in cinemas — where they kill flying 
foxes by having two long poles with a net stretched across. A number of boys' 
get near the trees where the flying foxes roost, and raise an alarm, with the 
result that the bats get scared^ and fly off and bang their heads against the net. 
These bats are said to be palatable and are usually eaten. It is much the same 
idea, but I should like to try the method Dr. Torres described. It would be 
useless, however, for the vampires, but it might do for the insectivorous and 
fruit-eating bats : of course, we do catch many bats with hand nets. 

Professor Ledingham’s suggestion about a possible reservoir is very 
interesting. As a matter of fact we have always had in mind, that the fruit- 
eating bats might serve as reservoirs, and it was mainly on that account that we 
started the work in connection with the fruit-eating bats. We know of cases 
in which infected fruit-eating bats were caught fighting with each other, and 
presumably it would be easy for such bats to infect Desviodtis as well as 
each other. 

With regard to the possibility of carnivorous animals being infected in 
Trinidad, I do not think there is much chance of that, though it has been proved ’ 
in Brazil that tapirs and other animals can be infected. We have kept a special 
watch on the mongoose, but so far we have never seen any infected ones. Of 
course, when the mongoose gets infected in the usual way, it is known to be a 
dangerous animal. 

With regard to the possibility of Desinodus bats flying to Trinidad from 
Venezuela, my own view is that these bats do not fly ordinarily more than a 
mile or two, and that this is not likely; though, of course, there might be such a 
thing as a migration of bats. There is, however, every chance that they might 
come over in cattle boats from Venezuela or British Guiana, and we suspect 
strongly that that is the way by which the disease has been introduced into 
Trinidad. 


The meeting was preceded at 7.45 by a Demonstration of specimens of 
bats, photographs, charts and maps, arranged by Dr. de Verteuil. 


The following contribution was received after the meeting from Dr. Hurst 
of the Lister Institute. 

Dr. E. Weston Hurst: As Dr. de Verteuil has said there is no possible 
doubt that the Trinidad disease is rabies. Although in South America the 
term “ mal de caderas ” has apparently been used in connection with paralytic 
rabies, pseudorabies and a tr3q3anosome‘ infection,-- even the' inexpert- should 
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■experience no difficulty in the differential diagnosis of these three wholly dis- 
similar maladies. Hurst and Pawan suggested previously that the Trinidad 
disease was possibly due to a rabic virus modified by passage through the tissues 
of the bat. One ground for this assumption was the relative difficulty in estab- 
lishing the virus in the rabbit as contrasted with the monkey and the guineapig. 
I have since experienced the same difficulty with a rabic virus (from a 
case of paralytic canine rabies) isolated in New Jersey, U.S.A., so that this 
behaviour is not peculiar to the Trinidad virus. Again, as Dr. de Verteuil 
suggests, the very frequent occurrence of the paralytic form of the disease in 
man may possibly be correlated with the long exposure of the wound on an 
extremity to the infective material, viz. the bat’s saliva, and is not necessarily 
indicative of an unusual strain of virus. But the apparent difficulty in infecting 
the dog with the Trinidad virus is certainly remarkable. 

The point most worthy of comment in Dr. de Verteuil’s paper, however, 
is the suggestion from the work done in Brazil that in the vampire bat rabies 
may assume a clinically latent form, while for months the saliva may be virulent 
and the animal transmit the disease. If this is finally proved to be the case it 
will be a discovery of the greatest importance. It is well known that the saliva 
of a rabid dog may be virulent for a day or two before clinical symptoms develop, 
but in no mammalian host has there hitherto been any indication that the 
nervous disease and death are long delayed after the salivary glands have been 
infected. Remlinger and Bailly*' have shown that in a reptile (Tci/Rt/o mauri- 
tavica) intracerebral inoculation is not followed by symptoms of rabies despite 
the fact that the virus may be recovered from the brain for as long as 302 days. 
It is also said that in the hibernating hedgehog the incubation period of the 
disease is greatly lengthened. But neither of these observations appears to have 
any real bearing on this most interesting problem, which will doubtless be 
adequately explored in the near future. 


*Remlinger, P., nnd Bailly, J. (1932.) Ami. Inst. Past., mUx, 6G5. 
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Proceedings of a Clinical and Laboratory Meeting lield at the 
Hospital for Tropical Diseases, Endsleigh Gardens, Gordon Street, 
London, W.C.l, at 8.15 p.m., on Thursda}^ 12th December, 1935. 
Sir Arthur Bagshawe, C.M.G., M.B., D.P.H., President, in the Chair. 


DEMONSTRATIONS. 


Major H. C. Brown. 

Serological diagnosis of Weil’s disease. 

I\iajor H. C. Brown gave a demonstration of the agglutination and adhesion 
tests used in the serological diagnosis of Weil’s disease. 

Charts were shown demonstrating the presence of agglutinins in the sera 
of patients during the first week of the disease, also the ascending titre of the 
serum as the disease progressed. 

Dr. Mather Cordiner. 

Demonstration of X-ray photographs illustrating various pathological 
conditions. 

Radiograms to illustrate the following conditions were shown ; — 

1. Normal mucous membrane relief of the stomach. 

2. The mucous membrane relief in cases of gastritis. 

3. The various factors contributing to ulcer niche formation. 

{a) Mucous membrane autoplastik. 

(6) Oedema of mucous membrane. 

(c) Cicatrical changes in gastric wall. 

4. Early mucosal changes in gastric carcinoma. 

5. Malignant degeneration of simple gastric ulcer. 

6. Benign growths of stomach. 

Dr. N. Hamilton Fairley. 

(1) Jaundice in sewer workers. 

Charts illustrating the temperature variations and fluctuating bilirubin 
and urea values in two cases of Weil’s disease in London sewer workers were 
shown. In both instances leptospirae were isolated by blood culture, and the 
rise in the agglutinin titre of the serum was investigated by Major H. C. Browk. 

In one patient a dramatic response followed convalescent serum given 
intravenously. The case histories are being published in detail elsewhere. 
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(2) Case of idiopathic steatorrhoea associated with megacolon. 

Mr. W. W., a butler, aged 55 years, was admitted to the Hospital for 
Tropical Diseases on 21st June, 1935, with a history of morning diarrhoea, 
flatulent distension, cramps in the hands, soreness of the tongue and great loss 
of weight. Until 18 months ago he was perfectly fit and had never been to the 
tropics. There was anaemia, great emaciation and marked thinning of the 
abdominal wall with distension and visible peristalsis. Blood pressure — 
S/D = 100/80. The tongue showed atrophy of the filiform papillae in patches. 

Laboratory Examination. — Laboratory investigations showed hyperchlor- 
hydria, a megalocytic type of Price-Jones curve, flat glucose tolerance curves, 
steatorrhoea and hypocalcaemia (8-2 mg. per 100 c.c.). Total fat = 43-7, of 
which 85'7 per cent, was split. R.B.C.’s = 2,780,000 per c.mm. : haemoglobin 
= 64 percent.: colour index = 1-1. Two glucose tolerance tests taken at 
different times were of the flat type in contradistinction to the intravenous 
glucose curve which rose higher and showed only a sluggish return to its 
original level when compared with the control. 

These findings do not agree with those of Thaysen* and indicate that glucose 
was being slowly utilised by the tissues ; it favours the view that the flat glucose 
curves, observed after 50 grammes of glucose per os, result from malabsorption 
of this monosaccharide. The sluggish utilisation is dependent on malabsorption 
which has the same effect as carbohydrate deprivation. 

X~ray Examination. — X-ray examination showed marked megacolon, 
but no evidence of osteoporosis in the long bones or pelvis. There was coarsening 
of the mucosal pattern in the small intestine. 

Treatment. — Under intensive liver extract therapy the anaemia was com- 
pletely recovered from, but although blood counts were normal the patient 
died with severe diarrhoea and tetany (calcium = 5-8 mg. per 100 c.c. : 
phosphorus = 2-5 mg. per 100 c.c.) despite all treatment. Such a result is in 
his (Dr. Fairley’s) experience not seen in tropical sprue. 

Interesting features were : (1) The absence of a history of alimentary 
trouble in childhood. (2) The hyperchlorhydria. (3) The associated megacolon. 
(4) The flat glucose curves due to malabsorption. (5) The adequate haemato- 
logical response despite the persistent diarrhoea and tetany. (6) Fatal issue at 
a time when the R.B.C.’s = 4,960,000 per c.mm. and the haemoglobin = 100 
per cent. (Haldane). 

(3) Bilharzia complement flxation reaction — persistance of circulating 
antibody after treatment. 

Case 1. This patient gave a history of bathing in the same pool as her brother 
who contracted rectal schistosomiasis. The complement fixation reaction 
was strongly positive (25 M.H.D.’s) and there was an eosinophilia of 6-5 per cent. 

*Quart.y. Med., 1935. New Series, iv., p. 359 
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Ova were never found in the excreta, intestinal symptoms were not present, and 
not improbably the case is an example of exclusive infection with male schisto- 
somes. Reaction still positive 4 years later. 

Case 2. Case of chronic vesical schistomiasis with haemospermia and 
involvement of the bladder, prostate, seminal vesicles and right ureter which 
was constricted and dilated. Pain in the right loin persisted and the reaction 
was still positive (5 M.H.D.’s) some 12 months later. 

Case 3. Naval officer with Schistosoiria japonicuin infection contracted 
while snipe shooting on the Yangste. In all, four courses of treatment were given, 
the reaction finally becoming completely negative in 42 months. 

Case 4. Naval officer with Schistosoma japonicinn infection contracted while 
shooting on the Yangste. He suffered from bilharzial granuloma of the brain, 
in which ova were found by Professor Leiper. The reaction finally became 
negative 54 months after a full course of tartar emetic treatment intravenously. 

Four other cases (two S. haematohimn and two double infections with 
S. mansoni and S. haematobinvi) gave serological reactions which remained positive 
throughout the period of investigation. One case was followed for as long as 
46 months, and even after this long interval 10 M.H.D.’s of complement were 
fixed by the patient’s serum in the presence of S. spiiidale antigen. Ova were not 
found again in the faeces or urine of any of these cases. 

Experimental investigations in goats infected with S. spindale revealed a 
survival of male schistosomes in certain of these animals after all females had been 
destroyed by specific anthelminthics, and one possible explanation of these 
persisting positive reactions is survival of male schistosomes within the portal 
system of man. 

In some bacterial infections, however, such as typhoid and undulant fever, 
complement-fixing antibody may persist for years after eradication of the 
infection and it is possible that the explanation lies along similar lines. 

Dr. N. Hamilton Fairley and Mr. R. J. Bromfield. 

Blood sugar curves in tropical sprue. 

Case 1. R.W., chronic sprue with bulky, loose, fatty stools, sore tongue, 

megalocytic anaemia and typical sprue abdomen. 

Total faecal fat = 48-6 per cent., of which 77-6 per cent, is split. R.B.C.’s 
= 2,590,000 per c.mm. ; haemoglobin == 62 per cent. : colour index = T2 : 
leucocytes = 3,800 per c.mm. 

The only exceptional feature is that hyperchlorhydria is present (SO N/IO 
HCl). 

Case 2. K.M., aged 47 years. Onset in Ceylon in 1927. Now complains 

of diarrhoea and of sore tongue and mouth. Has lost 28 lbs. in weight, is anaemic 
and the stools are loose and frotliy. Abdomen typical of sprue. 
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R.B.C.’s — 2,300,000 per c.mm. : haemoglobin == 50 per cent.; colour 
index = l-l : average diameter of corpuscle = 8-4/x : leucocytes == 4,000 per 
c.mm.; blood picture typical of megalocytic anaemia. 

(i) Total fat = 41-2 per cent., of which 62-8 per cent, is split. 

(ii) Achlorhydria with response to histamine. 

(iii) Van den Bergh = indirect + (4-5 units). 

(iv) Blood calcium = 8-8 mg. per 100 c.c. 

Charts were demonstrated showing the flat glucose tolerance curve in both 
these cases and the improved curve after treatment. The intravenous curve 
rises higher and takes longer to return to its original level than the normal curve 
in each instance. 

In contra-distinction to Thaysen’s findings these results support the 
view that sugar is not being excessively rapidly utilised by the tissues, and that 
malabsorption is the basis of the flat glucose tolerance curves in this disease. 

Dr. G. W. M. Findlay. 

Sections illustrating chorio-lympho-meningitis, a new virus disease of mouse 
and man. 

This disease was first described in the United States of America by 
Armstrong in 1934. It is due to a filterable virus which infects mice, but docs 
not produce symptoms unless it gains access to the brain when it causes 
infiltration of the meninges and choroid cells with lymphocytes. When inoculated 
intracerebrally mice die from 6 to 8 days later. The virus is excreted by the 
urine and is found in the blood, kidneys, liver and spleen. The virus instilled 
intranasally in mice causes death : it can pass through the lightly scarified skin 
of the mouse. Guineapigs and rats are susceptible and also man. Human 
cases have been described in the United States and the virus has now been 
isolated from two patients in London. The symptoms are those of an influenza- 
like disease with fever followed by weakness in the legs, neuritis and evidence of 
meningitis. The patients recover. Monkeys are extremely susceptible and 
almost invariably die. There may be infiltration in the suprarenals. 

Dr. G. Carmichael Low. 

Clinical cases. 

1. A case of locomotor ataxia in a Japanese. 

2. A case of Weil’s disease. 

3. A case of laryngeal obstruction with an accompanying helminthic 
infection. 

Dr. F. P. Mackie. 

(1) Pathological specimens illustrating leptospirosis in man and animals. 

Sections of human and guineapig liver and spleen were shown in which 
marked necrotic changes were evident. Leptospira were abundant in the 
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guineapig liver, scarce in the kidney, but could not be demonstrated in the 
human organs. 

(2) Macroscopic and microscopic preparations from Dr. Fairley’s case of 
idiopathic steatorrhoea. 

Macroscopic specimens showed the small size of the heart (41 oz.) a ver}^ 
small spleen (1|' oz.) and the upper part of the femur in which the marrow was 
hyperplastic as in pernicious anaemia. The intestinal tract showed no 
microscopic or naked eye change at any level. 

(3) Sections from fatal case of sickle cell anaemia. 

The organs were from a Portuguese child, who died of profound anaemia, 
and had been sent for diagnosis by Dr. Steven of Demerara. An e.xtreme 
form of sickling of the red cells was present in the spleen sinuses but very little 
was seen in other organs. 

(4) Macroscopic and microscopic preparations from a case showing 
(a) primary carcinoma of the lung ; (b) amyloid degeneration of the 
spleen and kidneys ; (c) ? regional ileitis (“ Crohn’s disease 

These specimens were from a man who was thought to have malignant 
disease of the intestinal tract on account of the passage of blood in the stools. 
At the autopsy he was found to have a primary carcinoma of the lung and well 
marked amyloid disease of the spleen and to a less extent of other organs. His 
intestinal symptoms were due to the presence of an area of inflammatory hyper- 
trophy with destruction of the mucosa involving about a foot of the jejunum 
which was not due either to tuberculosis or malignant disease. This lesion 
suggests a condition of regional ileitis (Crohn’s disease). 

(5) Heart of a child embedded in mediastinal new growth — ? lymphosarcoma 
of thymus. 

This specimen was presented by Dr. G. H. Steven, of Georgetown, 
Demerara. 

Dr. P. Manson-Bahr. 

(1) A case of leprosy showing fibrotic nodules on the lower limbs. 

The patient had contracted the infection in India about 1926 : he returned 
to England in 1932, but was not diagnosed as a subject of this disease till May, 
1935, when he attended the Hospital for Tropical Diseases. The case is one of 
mixed anaesthetic, nodular and macular forms. Several hard fibrotic nodules 
were present on the wrists and legs. On biops)'’ the)*^ were found to contain 
the typical cell picture wih masses of acid-fast bacilli. The improvement on 
systematic treatment has been remarkable. Treatment consisted of three protein 
shocks plus a total of 41 c.c. ethyl chaulmoograte injected deep subcutaneously. 

(2) A case of blackwafer fever with persistent high blood urea. Recovery 

after multiple blood transfusions. 

This case was admitted moribund with incontinence of urine and faeces 
and with loss of corneal reflexes. The haemoglobin was less than 20 per cent. 
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and the red blood cells 900,000. Recovery took place after intravenous injections 
of sodium bicarbonate, 20 per cent, glucose and three blood transfusions. The 
blood urea steadily rose to a maximum of 480 mg. per cent, on the 11th day. 
Showers of hyaline casts from the urinary collecting tubules appeared in the urine 
and immediately the percentage .of urea dropped. No signs or symptoms of 
uraemia were noted. 

(3) Photograph illustrating lymphatic obstruction in a case of Loa loa [Filaria 
loa) infection. 

This patient had served on the Gold Coast for 1 1 years, prior to which he had 
spent 5 years in Palestine. He had an eosinophilia of 50 per cent, and scanty 
Microfilaria loa were found in his blood. Night blood was negative. There 
was a definite lymphatic swelling of the right leg with erysipaletoid condition 
of the skin which was hot and tender with solid oedema. There was a left 
hydrocele the size of a pear. The right leg was 2 inches bigger in circumference 
than the left from the knee downwards. There were no enlarged glands. The 
swelling is now rapidly subsiding leaving no trace of lymphatic obstruction as in 
Filaria bancrojti infections. 

(4) A case of anaemia following sprue. 

The patient had sprue in 1931, made a complete recovery in 1932. No 
anaemia was noted till 1935, when it rapidly developed without loss of weight 
and without return of sprue symptoms. Fractional test meal : marked hyper- 
chlorhydria. Blood examination showed megalocytic anaemia with Cabot’s 
rings. These rings are believed to be the remains of the nuclear membrane, 
the cells containing them show evidence of immaturity and contain stippled 
material. This is probably a case of achresthic anaemia such as that recently 
described by Wilkinson which, as did this case, responded immediately to 
parenteral injections of liver extract, while there was, as in this case, no response 
to liver therapy when given by the mouth. 

Professor J. G. Thomson. 

(1) Large macrophages simulating Entamoeba histolytica in the lymph follicles 
of the human appendix. 

In an editorial of the East African Medical Journal of February, 1935, 
it was stated that Dr. Vint and Dr. Wilkinson had demonstrated that the 
appendix is frequently the seat of chronic amoebic infection. This was followed 
however, by a letter by Dr. Vint (1935) pointing out that the bodies within 
the lymph nodes, originally supposed to have been amoebae, were simply 
macrophages and that no evidence of amoebic infection could be demonstrated 
in a large number of appendices removed by operation. 

Wilkinson (1935) next suggested that although the amoebae might not 
actually be present in the appendix nevertheless an associated amoebiasis of 
the colon might predispose to an attack of appendicitis. Such a conclusion 
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is apt to be misleading for there is nothing to suggest that there is any relationship 
between appendicitis and amoebiasis. On the other hand it is quite a possibility 
that appendicitis might be mistaken for amoebiasis of the caecum or that a history 
of amoebiasis might temporarily lead to confusion with acute appendicitis. 
Actual infection of the appendix with Entamoeba histolytica seems to be a relatively 
rare oceurrence and has been noted by Musgrave (1910), Hogan (1920) and 
Greaves (1933). 

The specimens shown under the microscopes were sections through the 
appendices removed at operation, which had been kindly sent by Dr. Vint 
from Nairobi. They showed a h 3 ^perplasia of the central part of the lymph 
nodes containing numerous large mononuclear cells (macrophages) with many 
cytoplasmic inclusions. Such mononuclear cells, which must not be mistaken 
for amoebae, are common in the lymph nodes of the intestine of typhoid fever 
and other conditions associated with inflammation. Similar mononuclear 
cells with inclusions may occur in the lymph nodes of the spleen of monkeys 
which have succumbed to malarial haemoglobinuria. The origin of these large 
mononuclear cells is a matter of doubt but the general opinion is that they 
are derived from the reticulo-endothelium. Evidently these cells have frequently 
been mistaken for pathogenic amoebae especially in sections, but in their 
nuclear structure and general morphology they really bear no resemblance 
to Entamoeba histolytica except that they are actively phagocytic especially for 
lymphocytic cells. 
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(2) Phagocytosis of the schizonts of Plasmodium falciparum by polymorpho- 
nuclear cells. 

The phagocytosis of schizonts of P. falciparum has been frequently seen 
in the peripheral blood stream especially in massive infections accompanied by 
coma of the patient and it has been suggested that the polymorphonuclear 
cells, and also the monocytes are engaged in removing dead parasites. It seems 
to be perfectly clear, however, that the polymorphonuclear cells have a special 
affinity for fully developed live schizonts of P. falciparum and that they ingest 
these with great avidity. One polymorph will account for as many as eight 
schizonts. The placental smears demonstrated under the microscopes showed 
the remarkable capacity of these polymorphs for engulfing schizonts and, there- 
fore, it would seem that this cell can play on occasion a very important part in 
the control of an infection. 
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Dr. Lucy Wills, 

The occurrence of bodies of doubtful nature in the red blood corpuscles of 
splenectomized monkeys. 

Two types of “ bodies ” occurred in the red blood corpuscles of monkeys 
(Macactis rhesus) following splenectomy. The first were round dots about the 
size of a Howell-Jolly body, which stained dark purple with Giemsa and 
resembled Anaplasma marginale ; they varied in size and occurred singly or in 
twos or threes and sometimes showed budding. This type was first seen 8 to 12 
days after operation. Later the second type appeared and became increasingly 
frequent week by week ; this type consisted of small, multiple forms which 
might be rod or comma-shaped or in rosette or ring form, all of which stained 
blue with Giemsa. Some of these forms resembled Bartonella bodies. The 
“ sphere ” forms were supravitally stained with neutral red ; the multiple 
forms did not appear to take up this stain. Till the bodies can be trans- 
mitted to other animals or cultured their nature must remain in doubt, but their 
appearance was not related to a severe anaemia (in which condition nuclear 
fragments or Howell-Jolly bodies are frequently observed) but was a regular 
appearance after splenectomy in the four animals operated on. The “ sphere ” 
forms were observed once only in two intact animals, but the number of red cells 
affected was very few : these monkeys were suffering from a mild degree of 
anaemia. 
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HUMAN BRUCELLOSIS IN TANGANYIKA TERRITORY. 

BY 

D. E. WILSON,* 

Medical Officer, Tanganyika Territory. 

The above title has been chosen with a view to dispersing the confusion 
which attaches to the nomenclature of diseases caused in man by Brucella 
organisms. The words “ undulant,” “ Malta ” or “ Mediterranean ” fever may 
no longer properly be applied to a condition which is world-wide in its distri- 
bution and capricious in its symptomatology. When there is added to this the 
fact that the so-called “ abortus fever ” is also included amongst the manifesta- 
tions of Brucella infections, it may be submitted that the time is ripe for the 
inclusion of all such infections in one comprehensive category. For this purpose 
the all embracing description “ brucellosis ” made use of by Giltner (1934) is 
suggested. 

In a previous paper Wilson (1935) showed that Brucella infections were 
distinctly prevalent in a cattle-bearing district of Tanganyika Territory. The 
district referred to was the Mpwapwa district of the Central Province. Con- 
tinuing his investigations a total of 317 sera were tested. Of these ,23 showed 
the presence of Brucella agglutinins in titres varying from 1 : 25 to 1 : 20,000. 
Since publishing his paper sera have been found positive in other districts of 
the Territory namely Tanga, Tukuyu and Kilosa. 

The Type of Infection. 

Of six blood cultures undertaken, four were positive and satisfactory 
subcultures were obtained from three of these. I found the most satisfactory 
method of blood culture to be direct inoculation on to liver agar. A large culture 
flask — Roux’s pattern — was inoculated with 8 to 10 c.c. of the patient’s blood 
and the blood spread over the entire surface of the medium which represented 
an area of 220 sq. cm. In all the positive cases growth was apparent after 5 days. 
No culture was discarded until it had been incubated for 28 days. The cultures 
were made aerobically with no increased COg tension. 

The subcultures obtained were numbered as follows : T.H.I., 256, and 260, 
and sent to the Veterinary Research Laboratory, Kenya Colony, where they 
were typed by courtesy of the Chief Veterinary Research Officer. The results 
were very interesting showing that we have in Tanganyika both melitensis and 

*I have to thank the Honourable the Director of Medical Services, Tanganyika 
Territory, for permission to publish this paper. 
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ahortiis types of human brucellosis. Jewell (1931) has reported a case of 
“ undulant fever ” in Kenya due to Br. abortus but I can find no record in East 
Africa of a case in which Br. uiclitoisis was the causative organism. 

The three cultures referred to above reacted as follows ; — 

T.H.I. as a typical Br. abortus. 

256 ,, „ Br. incUtensis. 

260 „ ,, Br. vicUtensis. 

It will be noted that no increased COo tension was necessary for the growth 
of the human strain of Br. abortus. This is comparable with the findings recorded 
by Duncan (1928) and Bevan (1930) in the case of certain Rhodesian strains. 

In both iiiclhensis cases one could get no history of the patients having 
drunk goats’ milk and it is against the local custom of the Mpwapwa natives to 
do so. How did they contract the infection ? Are the iMpwapwa goats infected 
with meliteusis or is the local bovine strain a vieliteusis type ? The Veterinary 
Pathologist, Tanganyika, is at present investigating the subject and he has already 
found the sera of one or two slaughter goats to contain Brucella agglutinins. 
In Malta, Rainsford (1932) has suggested dust as a possible source of infection. 
Mpwapwa district is one of the driest districts of Tanganyika and is wind-swept 
and very dusty. Dust containing infected goat’s urine and faeces may thus be 
the source of the meliteusis infection. 

Clinical Symptoms. 

The clinical symptoms were similar to those recorded in text books and 
various papers and will be described briefly. 

Intermittent fever reaching as high as 104-S'’ F. with daily fluctuations of 
as much as S degrees. It is interesting to note that a patient may have a tempera- 
ture as high as 104-2° F. and yet deny that he felt feverish. H.ardy (1929) 
found similar results in some of his cases. The pulse rate was slow in proportion 
to the temperature. Great muscular weakness with cramps in the calves and 
loss of flesh resembling in the later stages advanced tubercular emaciation. 
Frontal headache with dizziness and dimness of vision was a distressing com- 
plaint. The headache increased in severity as the temperature reached its 
fastigium. A very characteristic symptom common to all the cases was a feeling 
of numbness and burning pains in certain joints. The joints chiefly affected 
were the wrist, elbow and ankle. Fleeting, sharp, neuralgic pains in the limbs 
were also complained of. 

Chronic constipation was always present ; in one case enemata had to be 
given for 10 weeks. Anorexia was not apparent in any of my cases. 

Involuntary twitching of muscles and fibrillary tremblings of the skin were 
observed. 

In my meliteusis cases there was a characteristic sour, moist odour with a 
powdery desquamation of the skin. 
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There was slight enlargement of the spleen in three cases but in no instance 
was the liver enlarged. 

The blood picture presented the usual features associated with human 
brucellosis, namely a leucopenia with a relative lymphocytosis. 

Total white blood corpuscles. Lymphocytes. 

No. 256 2,500 85 per cent. 

„ 260 3,750 51 

„ 272 (type unknown) 3,250 80 „ 

In the one known abortus case, T.H.I., the above symptoms were present 
but the severity was greatly reduced and a lymphocj^osis of onl}'^ 41 per cent, 
was recorded. 

Treatment. 

The treatment of human brucellosis still appears to be a question requiring 
considerable research. The bacteriology, serology, haematology, epidemiology 
and symptomatology have occupied the time of large numbers of research workers 
in many countries but there appears to have been very little advance in treat- 
ment. Although the disease in its most virulent form has a low mortality rate 
of 3 to 4 per cent, it is a most painful, wearying and debilitating disease and 
one in which the physician has to stand aside and hope that to-morrow or the 
next day will see a change for the better in his patient. The disease may also 
pave the way for the development of tuberculosis. It is interesting to note that 
Broc (1930) has observed several cases of human brucellosis in which there 
were signs and symptoms pointing to pulmonary tuberculosis — the diagnosis of 
tuberculosis being confirmed at a later date, 

CoNTERNO (1930), Le Chuiton and N^gri^ (1930), Thurber (1930), 
Bethoux (1930), Darre and Laffaille (1928) and Hoffman (1929) appear to 
have had a certain amount of success with the intravenous use of trypaflavine 
and other acridine salts. • 

The present writer found trypaflavine to be of no value. Rainsford (1935) 
describes his results with trypaflavine as very disappointing. 

Case T.H.I. 

This patient received a total of 1 -5 grammes of trypaflavine given in a 2 per 
cent, solution intravenously as follows : — 


26.2.35 

5 c.cm. 

15.3.35 

10 c.cm. 

2.3.35 

5 „ 

19.3.35 

10 „ 

6.3.35 

5 „ 

22.3.35 

10 „ 

9.3.35 

12.3.35 

10 „ 

10 „ 

26.3.35 

1.0 „ 


At the end of the treatment the patient had not improved. Three other 
cases failed to respond to this treatment. 


D 
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The following drugs were also tried but without success ; — (1) Sulphar- 
sphenamine intramuscularly. (2) Bayer 205 intravenously. (3) Novarsenobillon 
intravenously. 

Manson-Bahr (1935) has reported favourably on the intravenous use of 
T.A.B. vaccine as a means of increasing the euglobulin content of the serum 
and thus promoting phagocytosis of the offending Brucella. 

This treatment was tried out in four of my cases (272, 256, 302 and 559). 
In Case 272 the result was good, the patient’s temperature remaining normal 
for three weeks — a further history was not obtainable. 

In Case 559 (which was a laboratory infection in a European diagnosed by 
blood culture as a Br. abortus infection) the result was also good. 

In the other two cases the results were no improvement. Clinically from 
the severity of their symptoms three of the four cases appeared to be of the 
melitensis type. 

Case 272. 

15.3.35, diagnosed — (had been acutely ill for only two weeks). 

18.3.35 received 5 c.c. of his own blood intramuscularly — no 
improvement on 26.3.35. 

27.3.35 received 2,000 million T.A.B. intramuscularly. 

1.4.35 received 1,000 million T.A.B. intravenously. 

After the intravenous injection the patient had a severe rigor and sharp 
rise of temperature which fell to normal in 24 hours and as stated above did not 
rise again. His general condition improved rapidly and when he was discharged 
from hospital he appeared to be quite normal. His agglutination titres on 
admission were : — 

Br. melitensis 1 : 2,500 
Br. abortus 1 : 1,000 

On discharge his titre had fallen to 1 : 125 for Br. melitensis. It is also 
interesting to note that his total white blood corpuscles rose from 3,250 perc.mm. 
to 13,000 after the intravenous injection. 

Case 559. 

This patient had been acutely ill for about 4 weeks before receiving 
protein shock. 

On 12.6.35 he received 50 million organisms (T.A.B.) intravenously and 
had a sharp rise of temperature but no rigor. 

On 15.6.35 a further dose of 100 million was injected intravenously. On 
this occasion there was a slight rigor and the temperature rose to 103*8° F. The 
leucocyte count before and after this injection is interesting. 

15.6.35 Before injection 5,000 

Some hours after injection 6,250 

16.6.35 7,600 
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After the reaction due to the second injection had subsided the temperature 
fell to normal and the patient improved rapidly and the date of writing, 
28.S.35, is perfectl)’^ fit. 

Case 256. 

This patient, who had been actually ill for 6 months previously, received 
the following treatment ; — 


19.3.35 Autogenous 

vaccine of Br. melitensis 

0-1 

c,cm. 

22.3.35 

a 

*f 1) 

0-2 

ff 

25.3.35 

n 

if a 

0-5 

)) 

29.3.35 

}) 

if 

0-8 

>; 

1.4.35 

>> 

if if 

1-0 

ff 

4.4.35 


ft if 

1-0 

ft 

8.4.35 


ft if 

1-0 

if 

12.4.35 


ft ft 

1-0 

if 

22.4.35 


ft )) 

1-0 

ft 

(0-1 

c.c. contained 150 million organisms.) 



This patient was also given an intravenous injection of 1,000 million 
T.A.B, on 15.4.35 ; he had a sharp reaction but did not improve, and there 
was no marked leucocytosis. The treatment by an autogenous vaccine also 
proved useless. 

Case 302. 

This was a laboratory infection and the severity of the symptoms 
pointed to a melitensis infection. The patient received six injections of T.A.B. 
intravenously commencing with a small dose of 50 million and gradually 
increasing the dose to 1,200 million. The patient was diagnosed as a case of 
undulant fever by agglutination when the titre of his serum was : — 

Br. melitensis 1 : 5,000 
Br. abortus 1 ; 5,000 

He had previously been ill for a period of about 10 days. His treatment 
was as follows : — 


22.6.35 

Million T.A.B. intravenously. 
50 

24.6.35 

100 

27.6.35 

200 

30.6.35 

300 

3.7.35 

400 

22.1.35 

1,200 


He had a rigor and rise of temperature with a slight leucocytosis on all 
occasions. After the last injection his temperature rose to 106° F. but there was 
no delirium or other alarming symptom. In spite of all these protein shocks 
the patient remained acutely ill and to date, 18.8.35, his temperature has remained 
high and his serum is now agglutinating both Br. jnehtensis and Br. abortus in a 
titre of 1 : 20,000. 
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Discussion and Summary. 

1. Both the Brucella melitemis and Br. abortus type of undulant fever exist in 
Tanganyika Territory, 

2. A Tanganyika human strain of Br. abortus required no increase of CO^ 
tension for primary culture. 

3. A suggestion has been put forward that the vielitensis infections may 
have been disseminated by dust containing the dried urine and faeces of goats. 

4. Various forms of treatment have been discussed : most gave negative 
results. Trypaflavine, Bayer 205 and novarsenobillon intravenously have 
proved useless as also has sulpharsphenamine intramuscularly. 

Following “ shock ” treatment with T.A.B., two patients manifested 
definite clinical improvement, followed by rapid recovery, but of course it is 
not possible to assert that this improvement was the result of the particular 
treatment employed. I think, however, that this treatment is worthy of trial 
in early cases. 
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THE PATHOGENICITY OF END AMOEBA HISTOLYTICA. 

BY 

HENRY E. MELENEY 

AND 

WILLIAM W. FRYE.* 


The pathological effects of Endamoeha histolytica differ widely both in 
different individual hosts and in different endemic localities. It is a well-known 
fact that even in the presence of a severe epidemic of amoebic dysentery sucli 
as occurred in Chicago in 1933 (Bundesen, Tonney and Rawlings, 1934) 
many of the persons who become infected develop no symptoms referable to 
the amoeba. Others develop mild symptoms and still others develop severe 
lesions leading to acute dysentery and its complications. This difference in the 
response of individual *^hosts to the same strain of amoeba was demonstrated 
experimentally in human subjects by Walker and Sellards (1913) in the 
Philippines and has been the experience of many other workers in the course 
of animal experiments. 

The exact cause of this variation in the response of individual hosts has not 
yet been determined. It is probably the result of a number of factors which 
influence the resistance of the tissues to invasion. The general condition of the 
host, the hydrogen ion concentration of the intestinal contents, the bacterial 
flora, the diet, the effect of alcohol, the occurrence of other pathological lesions 
in the intestine, the presence of specific or non-specific protective substances 
in the blood— all or any of these factors may operate in determining the entrance 
of the amoebae into the tissues or in encouraging or inhibiting their destructive 
action on the tissues after entrance. 

*From the Department of Preventive Medicine and Public Health, Vanderbilt 
University School of Medicine, Nashville, Tennessee. 

Read before the Pan-American Medical Association, July, 1935. 
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The question as to whether E. histolytica can multiply indefinitely in the 
lumen of the intestine without invasion of the tissues is still unsettled, although 
many observations have been made to throw light upon it. Reichenow (1926) 
observed the course of an infection in himself in which E. histolytica and E. coli 
were both present. The absence of symptoms and the similar response of the 
two species to purges and to variations in the faecal specimens led him to conclude 
that in his case the two species were multiplying similarly and that there was 
probably no tissue invasion by E. histolytica. Andrews and Atchley (1932) 
secured negative tests for occult blood in symptomless carriers of E. histolytica 
and gave this as evidence against tissue invasion. Although there are many 
reports of spontaneous amoebic dysentery in monkeys, Dobell (1931) found 
no tissue invasion in a group of monkeys naturally infected with E. histolytica 
and we (unpublished observations) have had a similar experience except in one 
monkey dying of tuberculosis. Hegner (1935) found no tissue invasion in four 
monkeys experimentally infected with a strain of E. histolytica from a case of 
amoebic dysentery originating in the Chicago epidemic. Kessel (192S) found 
no lesions in pigs naturally infected with E. histolytica. If this amoeba can live 
as a commensal in the lumen of the intestine in animals, it is reasonable to 
suppose that it may sometimes do so in man as well. 

On the other hand there is considerable evidence that in man tissue invasion 
may always be present if E. histolytica becomes established, even if no symptoms 
develop and if no macroscopic lesions are found at autopsy. We know of no 
report of a human case in which amoebae were found in the stools during life 
without the presence of tissue invasion at autopsy. Meleney and Frye (1934) 
reported a human autopsy in which no macroscopic lesions in the colon were 
found but in which routine tissue sections showed slight damage to the mucosa 
and invasion of amoebae into the submucosa. Furthermore, the fact that 
practically all persons harbouring E. histolytica without symptoms give a positive 
blood complement fixation reaction indicates that antigen has been absorbed 
by the tissues. This must be interpreted either as tissue invasion by the amoebae 
or as the absorption of unaltered amoeba antigen (toxin) from the lumen of the 
colon. Since it is known that certain antigens can be absorbed from the intestine 
without obvious injury to the mucosa and can give rise to antibody production 
(Ledingham and ScHUTZ, 1931), a decision as to whether or not E. histolytica 
can produce a positive complement-fixation reaction without invading the 
tissues must await further observations. 

Strains of E. histolytica Differing in Pathogenicity. 

The literature contains a number of studies in which strains of E. histolytica 
were compared with regard to their pathogenic activity in experimental animals. 
Baetjer and Sellards (1914) stated that strains which were more mildly patho- 
genic for kittens came from patients having milder symptoms. Shimura (1918) 
obtained a lower incidence of infection in kittens injected with small races of 
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E. histolytica from symptomless carriers than with large races from acute cases 
of amoebic dysentery. Wagener and Thomson (1924) were able to infect 
kittens with only one out of nine strains of E. histolytica from “ chronic carriers ” 
in California but readily infected kittens with a strain from a chronic case of 
dysentery originating in the Philippines. Dobell (1931) found that strains of 
E. histolytica from macacus monkeys either failed to infect kittens or produced 
mild or chronic infections from which the animals usually recovered. Brumpt 
(1928) and SiMiC (1931, 1931 a) adopted the name E. dispar for strains of amoebae 
morphologicall)’’ identical with E. histolytica which the)”^ stated did not produce 
dysentery in man and produced only mild, superficial lesions in kittens. Brumpt 
holds the opinion that these amoebae are accountable for the high incidence of 
E. histolytica in many parts of the world where amoebic dysentery is rarely found. 

We have carried on an intensive study in Tennessee dealing with strains 
of E. histolytica obtained from various sources. In order to overcome the 
difficulty presented by differences in the response of individual hosts to the 
infection we have used twenty or more kittens in each series of experiments 
with each strain, and have standardized the material and technique of inoculation 
(Meleney and Frye, 1932, 1933, 1935). Each strain of amoeba has been 
isolated in culture, young transplants have been used, cultures have been 
inoculated directly into the ileum after laparotomy incision, and the size (200 to 
600 grammes), diet and housing of the kittens have been uniform. The per- 
centage of successful infections and the extent and intensity of the lesions pro- 
duced have been used as criteria for measuring the pathogenic activity of each 
strain. The percentage of infections produced in different series of experiments 
with the same strain has varied rather widely, but the average severity of the 
lesions produced has been so nearly uniform that we believe it can be taken as 
a true index of the pathogenic power of the various strains. This index has 
been reduced to a numerical figure by the following method : the colons of 
successfully infected kittens have been classified according to the size, depth 
and extent of the lesions. Class 1 representing no macroscopic lesions although 
amoebae were present in the lumen of the colon. Class 9 representing extensive 
involvement of the entire colon with deep and shallow ulcers, and the inter- 
mediate classes representing the stages of severity between these two conditions. 
Since the duration of the infection influences the degree of development of the 
lesions we have introduced this factor into the calculation of the pathogenic 
activity of the strain of amoeba concerned. The number representing the 
“ class ” of the colon is divided by the number of days the kitten survived after 
inoculation, and the quotient represents the “ degree of pathology produced per 
day.” Thus in a kitten which lived 6 days after inoculation and presented a 
Class 8 colon at autopsy, the pathology produced per day would be 8/6 = T33. 
The average of these figures for a series of kittens provides a “ pathogenic inde.x ” 
which our experience shows is reliable for any one strain of amoeba. Table ! 
shows the pathogenic indices obtained in experiments with four strains of 
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Table I. 

Pathogenic Index in Kittens of Four Strains of E. histolytica maintained in Culture 

• for Three Years. 


Average Number of Days 
since Isolation of 
Culture. 

Number of 
Kittens 
Inoculated. 

Kittens Developing ■ 
Infection. 

Pathogenic 

Index. 

Number. 

Per cent. 

Strain vl-l Hills. 

1 220 

38 

12 

31-6 



20 

4 



957 

21 

8 

38-0 

0*57 

1,023 

24 

, 7 

1 20*2 

1 0-53 

1,053 

20 

6 

1 80 ‘0 

i 0-58 

Total 

123 


.301 

1 0'57 

1 


Strain 

.4-2 Hills. 



222 

19 

15 

79-0 

0'49 

coo 

20 

n 

25-0 

0-69 

958 

22 

7 

31-8 

0*05 

1,082 

21 

8 

38-1 

0'58 

Total 

82 

35 

42-7 

0-58 


Strain jB-1 

Bottom-land, 



180 

20 

12 


1-06 

C02 

20 

11 


1-01 

875 

25 

16 


1-09 

1,036 

24 

20 

83-3 

1-25 

1,047 

20 

13 

65-0 

1-28 

Total 

104 

■Bi 

69-2 

1-13 


Strain S-2 

Bottom-land. 


186 

20 

13 

65-0 


612 

11 

5 

45-0 


1,071 

20 

12 

60-0 


Total 

51 

30 

58-7 

1-23 
































Table II. 

Pathogenic Index in Kittens of Cultuhes of Various Stiumns of E. histolytica. 


HENRY E. MELENEY AND WILLIAM W. FRYE, 


378 












































37-i 


EKUAMOEIiA HISTOLYTICA. 


E. histolytica over a period of 3 years in cultivation. It is evident from this 
table that there has been a fair degree of uniformity in the behaviour of each of 
these strains throughout the period of observation. 

Using the same method we have determined the pathogenic index of nine 
other strains of E. histolytica from various sources, using a single series of twenty 
or more kittens for each strain. Table II shows the average results with the four 
strains mentioned above as well as the results with the other nine strains. Two 
of the first four strains, A-1 and A-2, came from a symptomless carrier and a 
person with mild intestinal symptoms in an isolated white rural community in 
the hill country of Tennessee where, in spite of a known incidence of E. histolytica 
of 38 per cent., there was no evidence of acute amoebic dysentery. It will be 
seen that these strains gave a relatively low pathogenic index in kittens. The 
other two of the first four strains, B-1 and B-2, came from acute cases of amoebic 
dysentery in a rural community in the bottom-land of Tennessee, containing 
both whites and negroes, where about twenty-five cases of acute amoebic dysen- 
tery had occurred recently, although only 19 per cent, of the people were found 
to harbour E. histolytica. These strains produced in kittens a pathogenic index 
about twice as high as the hill strains. 

The next strain, B-3, came from a symptomless carrier in the same bottom- 
land community, and produced a pathogenic index about half-way between the 
hill strains and the other bottom-land strains. The “ Brent ” strain was obtained 
from a symptomless carrier in Nashville and produced a pathogenic index about 
equal to the hill strains. The “ Wright ” strain was obtained from an amoebic 
skin ulcer following a peritoneal abscess of undetermined origin, and produced 
a pathogenic index more nearly equal to the bottom-land strains. The next four 
strains, C-1, C-2, C-3, and C-4, were obtained from Chicago through the 
courtesy of the Health Department of that city. Two were from acute cases 
of amoebic dysentery and two from symptomless carriers. One acute case and 
one carrier had apparently become infected at the hotel which was the chief 
source of the Chicago epidemic, while the other two persons had not had contact 
with that hotel. All four of these strains produced a higher pathogenic index 
than any of the other strains studied. We wish to call special attention to the 
fact that two of these strains came from symptomless carriers, an illustration of 
the difference in the response of individual human hosts to highly pathogenie 
strains. 

The last two strains recorded in Table II were sent to us as culture cysts 
by Mr. Clifford Dobell of London. (For his studies of these strains see 
Dobell, 1931). The first strain, N. S. R., had been obtained from a naturally 
infected macacus monkey 8 years ago and had been cultured and passed through 
two other macaques and into culture again. Its infectivity for kittens had never 
been tested. In our series of kittens it produced a low percentage of infections 
and the lowest pathogenic index we have yet obtained. The second Dobell 
strain, D. M. R., had been obtained in culture lOi- years ago by Dr. J. Drbohlav 
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in London from a human case of acute amoebic d 3 'sentery. This strain had 
successfully infected a kitten inoculated by Drbohlav with the eighth subculture 
but Dobell had been unsuccessful in inoculating seven kittens with the 26th 
to 46tb subcultures, and two other kittens 2-|- and 5-i- years respectively after 
isolation of the strain. He had likewise been unsuccessful in infecting kittens 
with four substrains of this strain after one monkey passage, using one kitten 
for each of the tests. One of these substrains had been passed through a second 
monkey and had then been in cultivation continuously for 5h years before it was 
sent to us. It will be seen that in our series of inoculations this strain infected 
six out of twenty kittens (30 per cent.) and that the pathogenic index (0-92) was 
nearly as high as that of the more actively pathogenic strains from Tennessee. 
The various kitten experiments performed with this strain emphasize the 
importance of using a reasonably large series of animals in determining the 
infectivity of a given strain of E. histolytica^ in order to avoid false conclusions 
due to differences in the response of individual kittens. Of course it is possible 
that our kittens were more uniformly susceptible to infection with E. histolytica 
than are the kittens of London, and we hope that this point can be cleared up 
by further experiments in that city. Another possible factor in our success 
with this strain as well as with other strains is the inoculation of kittens directly 
into the ileum instead of by rectum as was done by Dobell. Early in our work 
we found that ileum inoculation in kittens produced a higher incidence of 
infections than rectal inoculations, although it seemed to make no difference 
in the severity of the lesions in kittens which became infected. 

The results of these experiments indicate, we believe, that, by the use of 
a large enough series of animals and by the employment of uniform and 
favourable methods of technique, most strains of E. histolytica from man and 
some at least from lower animals can be demonstrated to possess some degree 
of pathogenicity for kittens , furthermore that the differences between strains 
can be measured with some degree of accuracy, and that, as far as our observa- 
tions go, the pathogenic index of a given strain remains fairly constant over a 
long period of time in artificial cultivation. 

The influence of the accompanying bacteria on the pathogenic activity of 
E. histolytica is a point which must be considered. ■ In direct kitten to kitten 
transfer, Baetjer and Sellards (1914a) found that the prepatent (incubation) 
period of the infection became progressively shorter, and from bacteriological 
studies they concluded that this probably Avas due to the transfer of virulent 
streptococci AALich secondarily invaded the amoebic lesions. 

Cleveland and Sanders (1930), in a study of amoebic liver abscesses AALich 
they produced in cats by direct injection of cultures of E. histolytica into the 
liver, found that bacteria capable of doing some damage to the liA'-er must accom- 
pany the amoebae in order to produce an amoebic abscess, and that the bacteria 
in the amoeba culture lost this poAA'er after prolonged cultivation but regained 
it after repeated animal passage. In studying intestinal amoebic infections in 
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kittens they also obtained an increase in the percentage of successful injections 
by repeated animal passage, and concluded that this result was probably due 
to the increased virulence of the accompanying bacteria. Secondary bacterial 
infection often can be demonstrated in sections of the colon in severe amoebic 
lesions. Usually the bacteria are located more superficially than the amoebae 
in the tissues, but where deep lesions occur the bacteria are often found in the 
lymph vessels of the submucosa or even of the serosa and occasionally the 
amoebae have disappeared entirely from the lesions (Mkleney and Frye, 1934). 
It has also been found by Dobell and Laidlaw (1926) and Cleveland and 
Sanders (1930a) that in culture E. histolytica grows well with certain types of 
bacteria but poorly or not at all with others. We have found, however (Frye 
and Meleney, 1933) that when culture amoebae of a highly pathogenic strain 
are washed free from most of their own bacteria and are then mixed with bacteria 
accompanying a mildly pathogenic strain, or vice versa., no measurable change 
in the pathogenic index of either strain of amoeba for kittens is produced. The 
differences in pathogenic activity of different strains of amoebae appears, there- 
fore, to be a characteristic of the amoebae themselves rather than of the bacteria 
which accompany them. 

The Possibility of Changes in the Pathogenicity of Individual 
Strains of E. histolytica. 

It is well known that certain bacteria lose their virulence after periods of 
artificial cultivation and that the virulence may be regained by serial passage 
through animals. In recent years this phenomenon has been ascribed to bacterial 
dissociation, the so-called rough strains being avirulent and the smooth strains 
virulent. Either strain can apparently originate from the other and both usually 
exist together in cultures. The preponderance of one strain over the other 
seems to determine the degree of virulence of the organism. Whether a com- 
parable condition exists in the case of E. histolytica we do not know. Some 
investigators have found that prolonged cultivation or cultivation on media 
containing rice flour or rice starch apparently reduced or destroyed the patho- 
genicity, while others, including ourselves, have not found such a change (see 
Table I). Most of the observations in which a loss of pathogenicity has been 
found have been based upon such a small number of animals that the resistance 
of individual animals might easily account for the results obtained. 

The evidence that strains originally possessing a low degree of pathogenicity 
can be made more pathogenic by repeated animal passage is also meagre. It is 
apparently true that direct animal to animal transfer of dysenteric discharges 
containing amoebae produces a higher incidence of infection than the use of 
culture amoebae, but in such a procedure one is dealing with active tissue- 
invading amoebae, many of which have been feeding upon red blood cells and 
tissue fluids, and these amoebae may be more active in motility and metabolism 
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than the same strain would be in culture. We have attempted to step up the 
virulence of one of our less pathogenic strains by serial passage through kittens 
and dogs, but so far we have been unsuccessful because the first kitten to kitten 
transfer has always failed, and we have had the same experience with the one 
dog to dog transfer which we have been able to attempt 

It is obvious that any convincing evidence as to the possibility that strains 
of E. histolytica possessing a low degree of pathogenicity can become highly 
pathogenic, or that a highly pathogenic strain can lose its pathogenicity, must 
be based upon very carefully controlled experiments in a large series of animals. 

Discussion. 

There is at least one other good illustration among the protozoa of man of 
the existence of strains of a single species differing in pathogenicity. Boyd, 
Stratman-Thomas and Kitchen (1935) have found strains of Plasmodium vivax 
which are of no value in the therapy of paresis because they fail to produce 
heavy infections, whereas other strains give rise to a typical course of tertian 
malarial fever. 

A possible explanation of the present differences between strains of 
E. histolytica may be based upon historical and geographical considerations. 
We know that amoebae morphologically similar to E. histolytica exist naturally 
in frogs, snakes and monkeys, and the monkey amoeba has been conceded by 
most protozoologists to be E. histolytica itself. Man undoubtedly has harboured 
this parasite since prehistoric times and it is reasonable to suppose that various 
ethnological groups have become more or less adjusted to the parasite and the 
parasite to the host. The more pathogenic strains would seem to have existed 
under conditions of diet, climate and host resistance where they have been 
encouraged to attack the body tissues with greater avidity than the less patho- 
genic strains. Racial groups more or less isolated in the past, and still somewhat 
isolated as in the hill communities of Tennessee, would be likely to harbour 
closely related strains. The introduction of more active strains, like those native 
to the tropics, into communities in the temperate zones, and the introduction 
of people from the temperate zones into the tropics, where they are adjusted 
neither to the climate nor to the parasites, would give rise to more active evidence 
of amoebic infection than is usual among those groups of people. For example, 
it is easily possible, if not probable, that the Chicago epidemic had its principal 
origin in employees of the hotel who harboured highly patliogenic strains 
acquired in the tropics and who started the water contamination which ultimately 
led to a high degree of pollution, (See References — Amebiasis outbreak in 
Chicago.) Likewise it is a notorious fact that Europeans and Americans 
who travel or reside in certain tropical regions usually suffer more severely from 
acute amoebic dysentery and liver abscess than do the natives of those regions. 
On the other hand, Brumpt (1928) has reported that there are areas in tropical 
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South America, for example the city of Rio de Janeiro, where the incidence of 
E. histolytica (his E. dispar) is high but where amoebic dysentery is uncommon. 
It is reasonable to assume that the strains imported into those areas with European 
immigrants have been the less pathogenic ones and that conditions such as e.xist 
in Africa, India, and China for the dissemination of the more pathogenic strains 
have not existed in these centres in South America. It would be dangerous, 
however, to assume on the basis of present evidence that the low .pathogenic 
index of certain strains of E. histolytica is a stable phenomenon and that it is 
not possible for such strains to become highly pathogenic under favourable 
conditions of climate, diet, dosage or rapid transmission. Furthermore, because 
of the wide variation in the response of individuals to any given strain, every 
person known to harbour E. histolytica should be treated until the parasite is 
permanently eradicated. 

Summary. 

The variations in the clinical picture of infections with E. histolytica appear 
to depend first upon variations in the resistance of individual hosts and secondly 
upon variations in the pathogenic activity of different strains of the amoeba. 
Both of these factors can be demonstrated experimentally in kittens if a large 
enough number of animals is used and if uniform conditions of experiment are 
employed. There is evidence that strains of a similar degree of pathogenic 
activity predominate in certain population groups where conditions favour the 
limitation of these strains to the groups concerned and the exclusion of other 
strains. Travel and the development of cosmopolitan populations tend to 
introduce other strains which may possess a different degree of pathogenicity. 
The pathogenic index of a given strain seems to be a fairly stable condition in 
the strains we have studied from this point of view. Prolonged cultivation in 
artificial media has not decreased the pathogenic index. Attempts to raise the 
pathogenic index have so far not been successful, although further attempts are 
necessary before conclusions can be drawn. In medical practice, however, any 
strain of E. histolytica should be considered dangerous and should be eradicated 
by treatment. 
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In March, 1935, it became apparent from routine entomological investiga- 
tions that an epidemic of malaria might be e.xpected to develop in Nairobi. In 
view of the publicity given in the lay press to the results to be anticipated from 
the use of atebrin-musonate, it was decided to test the efficacy of that preparation 
in case a severe and widespread outbreak should occur. Fortunately, however, 
towards the end of May there was a steady decline in the breeding of mosquitoes 
and the incidence of malaria fell off rapidly, thus relieving the medical authorities 
of grave anxiety occasioned by the heavy incidence of serious cases amongst 
those which did occur. 

The lay press, in giving prominence to conditions prevailing in Ceylon 
during the recent epidemic, gave highly optimistic reports as to the results 
obtained with atebrin-musonate, reports which left in the mind of the public 
the impression that so far as malaria was concerned, the long looked-for “ therapia 
stcrilisans magna ” had been discovered at last. Such unqualified optimism is 
unfortunate in its effect on the public when it appears in a daily newspaper ; 
but it may be more harmful still when indulged in by writers in professional 
journals. There is a distressing tendency for new remedies to be hailed with 
an enthusiasm which has subsequently to be extensively qualified, as was the 
case first with plasmoquine and later with atebrin. Manson-Bahr Avrote less 
than a year ago (1934) : “ It is possible to exterminate this parasite \P.falctparitni\ 
in the blood with adequate doses of atebrin, with quinine perhaps as an adjunct, 
in a way never formerly anticipated ; it is possible to prevent entirely the 
recurrence of relapses. ... It is possible that in cases adequately treated with 
atebrin, blackwater fever will not develop.” This series of statements would 
hardly be accepted by many workers of experience to-day and before the millions 

♦Published by the courtesy of the Honourable Director of Medical SerWees, Kenya 
Colony. 
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of quinine-treated cases of the past are discounted so readily, many thousands 
of patients must be treated and followed up all over the world. The wholesale 
use in an epidemic of an almost untried preparation may be not only futile but 
positively dangerous and evidence is given below in support of the latter 
contention. 


Atebkin-Musonate. 

Atebrin-musonate is a yellow crystalline powder readily soluble in water 
and described as being an atebrin salt of musonic acid which was evolved by 
the makers purely for use by the parenteral route. The drug is obtainable in 
glass ampoules containing 0-375 gramme which is equivalent to 0-3 gramme of 
atebrin and is prepared for use by injecting 10 c.c. of distilled water into the 
ampoule after first cutting off the top. It may be injected either intramuscularly 
or intravenously and in the former case the makers recommend a dose of the 
whole ampoule, while for intravenous use a third of the solution is said to be 
the maximum which should be given. The cost in Kenya worked out at 2s. 6d. 
per ampoule and since it was not possible to obtain more than a small quantity 
these maximum doses were not exceeded, although there was every indication 
that more could have been tolerated without passing the limit of safety. 

Atehrin-uiusonatc in Ceylon. 

Subsequent to the commencement of the clinical experiment which forms 
the subject of this paper, a report was published by Blaze and Simeons (1935) 
upon a series of twenty-one selected cases of malaria treated with atebrin- 
musonate, and their paper was made the subject of an editorial in the same 
issue of the Indian Medical Gazette. Since at the time of writing this is, so far 
as can be ascertained, the only work which has been published on the subject, 
it may be well to summarise shortly the results given ; — 

Of the twenty-one cases, three were also given atebrin orally and will not therefore be 
considered. 

Three cases received a single injection (presumably intramuscular 0-375 gramme). 
In two, both benign tertian infections, parasites persisted for 1 and 2 days respectively 
and for 3 days in the third, a mixed infection of benign tertian and malignant tertian. In 
all three cases the temperature fell promptly to normal and did not rise again. 

In nine cases, two injections were given (again presumably intramuscular 0-375 
gramme). All of these were infections with P. falciparum except one which was with 
P. viva.x. In each case the temperature was finally controlled by the second injection 
and parasites persisted on an average U days after the second injection. It should be 
noted however that the reason for the second injection was the reappearance of parasites 
after an interval of some days. In two cases the first injection was specified as being 
intravenous 0-125 gramme. 

• Of the remaining six cases two were benign tertian, three malignant tertian and one 
a mixed infection of these two forms. Again the injections were not necessarily given on 
successive days, but rather as and when rings were found to have reappeared in the peri- 
pheral blood, or when there was a return of fever. In all except one case, the fever was 
finally controlled by the third injection. Crescents were noted as occurring at some stage 
in 50 per cent, of the malignant tertian cases. 
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In discussing the advantages of giving atebrin parenterally rather than orally, Blaze 
and Simeons suggest that when given by the mouth the drug is absorbed, carried to the 
liver and then excreted with the bile into the duodenum. It is assurned that this process 
of absorption, excretion, and rc-absorption continues until the liver reaches a hypothetical 
state of saturation, whereupon atebrin passes into the general circulation and is able to 
exert its therapeutic effect upon the patient. Thus the slowness with which atebrin has 
been said to control malaria is explained and the adoption of parenteral administration 
as a routine is justified. The work of Hecht. Tropp and Weise is quoted as supporting 
the theory. 

In the Ittdian Medical Gazette Editorial (1935), it is agreed that parenteral atebrin- 
musonate may proi’e to be a more powerful anti-plasmodial agent than oral atebrin- 
dihydrochloride but the theory of preliminary hepatic saturation is questioned and it is 
pointed out that by no means all workers have noted the latent period before oral atebrin 
influences malarial attacks. 

Peter (1935) also challenges the theory of Blaze and Simeons though he agrees that 
metabolic processes must undoubtedly play a part in the action of the drug. He notes 
a case in which a patient when first treated showed marked skin staining and relapsed, 
while following a second course, after which no discoloration of the skin was recorded, 
he appeared to be permanently cured. It is pointed out that atebrin is a dyestuff and that 
the staining of the skin implies that much of the drug is lost to the general circulation 
and that more still may be locked up in staining the mucous lining of the digestive tract. 

The theories of Peter, though so far unconfirmed by experiment, would 
appear to be more tenable than that of Blaze and Simeons. 

Since all but one of the patients in the series described in the present paper 
were Africans, it was not possible to make any observations upon the frequency 
with tvhich skin staining occurred, or upon the relation of that phenomenon to 
the effects of treatment. 

Methods Adopted. 

In order to have a standard of comparison which would eliminate as far 
as possible errors arising out of the variability in virulence of different strains 
of parasites, a complete series of control cases was included. Patients were 
numbered according to their order of admission to hospital and were all treated 
in one ward. The odd numbers were placed on one side and treated wdth atebrin- 
musonate and the even numbers opposite to them acted as controls. 

The even numbers were treated according to no hard and fast rule but in 
the light of previous local experience received quinine by the mouth or by 
injection as the severity of the case indicated. All of them received plasmoquine 
0-01 gramme t.i.d. for five days. The dose of quinine given was 10 grains of 
the dihydrochloride t.i.d. in solution. 

There Avas no local knowledge as to dosage and the limited amount of atebrin- 
musonate available did not allow of an extensive test of a variety of doses, so 
that it was decided to adhere to the recommendations of the makers, vis. 0-125 
gramme intravenously or 0-375 gramme intramuscularly, although as noted 
above, experience showed that larger doses might have been given with safety. 

All cases, whether on atebrin or quinine, received calomel and salts on 
admission and were given free draughts of sodium bicarbonate solution. The 
only other drugs used were aspirin for headache and pain in the limbs, and a 
simple iron and strj'chnine tonic in most cases. 
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A daily thin smear and tliick drop were made from each jjatient and an 
attempt was made to continue the series for 10 days, though it was not possible 
to do this in the majority of cases, since when a sense of well-being returns 
native patients are loath to remain in hospital. 

All the slides were examined and the parasites counted by one observer 
(R.P.C.), the stain used was Leishman’s and the number of parasites in fifty 
fields of the thin smear was counted. It is recognized that this method is open 
to certain objections, but as the object of the investigation was to compare two 
systems of treatment and since the personal factor remained constant throughout, 
the objections arc not very important. An endeavour was made to minimize 
one objection by establishing a sort of mental standard of density and then 
ignoring fields either markedly thicker or thinner than this standard, thus as 
far as possible fifty similar fields were used in making each computation. 

Search was not limited to fift}' fields and in all cases the thick drop was 
examined first to determine tiie presence or absence of parasites. Even when 
no parasites were seen in the thick drop, the thin smear was examined for any 
abnormality in the erythrocytes if such had been previously noted in that 
particular case. 

All the parasites were P. falciparum except in two cases, Case 30, a mixed 
infection with P. vivax and P. falciparum, and Case 57 which showed P. malariae 
only. The tables give the results of these examinations and the figures in each 
case arc to be taken as giving the numbers of parasites in fifty fields of a thin 
smear. A negative result was only recorded when the whole of the thick drop 
had been .searched in vain. 

Source of Paiicuis. 

The tribe and district from which a malarial subject is derived may have 
an important bearing upon his reaction to treatment, since he may have lived 
in an area where the disease is absent, endemic or hypcrendcmic. Although in 
one column of the tables an indication is given as to whether the attack was an 
initial one or not, too much importance must not be attached to this information 
because of tlie inability of most natives to remember what may have been minor 
illnesses in childhood. 

Though situated close to native reserves, Nairobi dpes not derive from those 
reserves more than a certain percentage of its African population : it comes also 
from outlying districts whence labour is recruited for a variety of purposes. 
Fifty-five of the total of 68 patients were derived from a tribe, the Kikuyu, 
amongst whom malaria is not endemic. This represents 82 per cent, of the eases 
and so the chances are that wlien 43 (63 per cent.) of the patients gave a history 
of having had no previous attack, most of them were fairly near the truth. 
These facts, combined with the severity of many of the attacks, confirm the 
view that there was real danger of an extensive epidemic. 

Patients had been ill on the average for 4 days prior to the time of admission 
to hospital. The time in eaeh case is noted in the third column of Tables I and II. 
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Laboratory Findings. 

(a) Asexual Forms. 

In the quinine control cases asexual forms persisted on an average for 
1-32 days from the time when treatment began. In patients receiving 0’125 
gramme of atebrin-musonate intravenously this period was extended to 6-75 days ; 
for those who were given three intravenous injections of the same dose, to 
3-55 days ; and where three intramuscular injections of 0-375 gramme each 
were given, to 1-75 days. There is however one further point of interest, 
namely, that in the atebrin series there appeared to be a tendency for the numbers 
of parasites in the finger blood to rise more markedly after the first injection 
than was noted in the quinine controls. If this finding is confirmed by future 
work, it would appear to indicate that atebrin-musonate tends to force the 
parasites out of internal organs into the general circulation. 

One point is quite definite so far as this small series is concerned, namely, 
that parasites persist in the peripheral blood rather longer with intramuscular 
atebrin-musonate than they do with quinine and plasmoquine. 

{b) Sexual Forms. 

In the quinine and plasmoquine series there were 10 cases or 29-4 per cent, 
which at some time showed crescents, though in only one case did these persist 
up till the time of discharge from hospital. In the atebrin-musonate series 
there were 19 cases or 55-8 per cent, showing crescents, which persisted in 12 
until discharged from hospital or, as happened in two cases, until eliminated 
by plasmoquine treatment. Crescents appeared on an average just over 8 days 
from the onset of symptoms and the time was almost the same for both series 
of cases. This is rather shorter than the 10 days given by Thomson and 
Robertson (1935) and the 11 days given by Garnham (1931). 

One noteworthy difference between the two series is that those patients on 
quinine and plasmoquine not only developed crescents less frequently but 
when they did produce them they did so in very much smaller numbers. 

While the number of cases examined is small, yet consideration of these 
figures leads to the view that the ineificiently or insufficiently treated patient 
can be a great potential danger to himself and to the community at large. If 
parasites of both forms persist in the blood stream after the patient feels well, 
injudicious exertion or some other factor may determine the onset of pernicious 
symptoms, while by reason of the large numbers of presumably mosquito-infective 
forms in his blood after he has apparently recovered normal health he is a 
potential danger to his fellows. It still remains to be seen whether these gameto- 
cytes are in fact infective to mosquitoes, though nothing was noted in their 
microscopical appearance to indicate that they were not. A dangerous sense of 
security may be derived from the use of such a drug as atebrin-musonate given 
alone in cases of moderate severity on account of its admirable capacity for 
reducing the temperature and conferring a sense of well-being without apparently 
affecting the parasites very much ; vide Cases 1, 3, 5 and 7 in Table II. 
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Clinical Results. 

(a) A Single Intravenous Injection. 

As will be seen from Table II the first patients were given only a single 
intravenous injection of 0T25 gramme of atebrin-musonate. It was not found 
to be necessary to administer the dose very slowh' ; in general half a minute 
was taken over the injection. There was no tendency for shock or any other 
untoward symptom to develop either during or after the injection, nor was 
there any indication of venous thrombosis supervening. On one occasion a 
small quantity of solution was injected into the subcutaneous tissue outside the 
vein but there was no painful or inflammatory reaction. 

Eight patients were treated with a single injection ; in four the temperature 
fell to normal in the first 24 hours, and of these four one only had a return of 
fever. In this group of cases the fall of temperature was accompanied by an 
apparent return to normal health although asexual parasites were still present 
in considerable numbers in the finger blood. In view of this latter fact, patients 
after the first four were given two more injections as indicated in Table II. 
The third case. No. 5 in Table II had a return of headache and began vomiting 
on the 4th day ; he was given a second and third injection on that account, 
and all symptoms cleared up at once while parasites disappeared on the 6th day. 
Cases 1, 3, 7, and 9, which were all patients with typical sharp first attacks of 
malignant tertian malaria who never had more than one injection, lost all fever 
and symptoms in 24 hours ; though kept under observation for 10, 10, 9 and 9 
days respectively they still had parasites, both sexual and asexual, in the peripheral 
blood (except Case 9) when they left hospital. If the first five quinine control 
cases are compared with these atebrin cases, it will be seen that while fever and 
malaise persisted, asexual parasites were not found, with one exception after the 
2nd day and that in that exception they were found only in the thick drop on 
the 5th day. Two of them showed crescents which, however, rapidly disappeared. 
The relative infrequency and rapid elimination of crescents in the quinine cases 
is, of course, attributable to the concurrent administration of plasmoquine ; 
but the persistence of asexual forms with the heavy gametocyte rate in the atebrin- 
musonate cases is too nearly constant to be fortuitous, while its association with 
complete freedom from fever and with an apparent return to normal health, is 
not easily understood in patients who had no acquired immunity to the disease. 
Attention has already been drawn to the dangerous sense of security that might 
be derived from the results of treatment along these lines unless a daily blood 
examination were made. 

[h) Three Intravenous Injections. 

Nine cases received three intravenous injections of 0-125 gramme, namely 
Cases 5, and 11 to 25 inclusive. Case 5 has already been considered and of the 
remaining eight, in only one. Case 17, were asexual forms found in the thin 
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smear later than the day following the third injection. In Case 17, a single 
ring was found in the 50 fields of the thin smear on the 8th day after the last 
injection and this case was also remarkable for the appearance of very large 
numbers of crescents first seen on the 6th day from the onset of s}'^mptoms 
and persisting until the end of a 5 days course of plasmoquine. In this group, 
crescents appeared in every case and in seven of the ten persisted until the 
Sth day or longer. Of the corresponding quinine controls, Cases 10 to 26 
inclusive, only three showed crescents, which in one case were still found in 
the thick drop when the patient was discharged on the 7th day. 

(c) Three Intramuscular Injections. 

The remaining cases, Cases 29 to 67 inclusive were treated with three 
intramuscular injections on three successive days, the dose given was 0-375 
gramme, and since Case 61 was a case of blackwater fever there were 19 cases 
in the series of which one. Case 57, was an infection with P. malariae. No. 27 
was a fatal case of cerebral malaria and is discussed separately below. 

In the 19 cases comprising this group the effect upon temperature and 
parasites may be summarized as follows. In 5 there was no further rise of tem- 
perature after the first injection, in 6 none after the second injection, in 6 none after 
the third, and in 2 the temperature remained up during the day following the 
third injection. In some of these cases the infections were very heavy and the 
patients were gravely ill. In I case the blood became negative and remained 
so after the first injection, in 6 after the second injection, in 8 after the third 
injection, in 3 cases asexual parasites were absent after 1 more day or 4 days 
in all, while in one case they persisted until the 5th day. In this series crescents 
appeared at one stage or another in 7 cases, and persisted for 7 days or longer 
in 4. Case 65, the only European included in the experiment, received a fourth 
injection and is discussed in detail beloAv. 

A comparison betAveen these nineteen cases and the corresponding quinine 
controls is given beloAV. 


Table III. 
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Table IV summarizes the findings for the whole experiment. 

Table IV. 


j 

Quinine 

Controls. 

1 

.Atebrin-Musonate 

Cases. 

1 

i 

I 

One 

1 Intravenous 
Injection. 

Three 

Intravenous 

Injections. 

' Three Intra- 
i muscular 
Injections. 

Number of cases i 

34 

1 4 

9 

19 

Days of fever after beginning treat- j 

ment 

1-G7 

0 

1 -33 

1-2 

Persistence of asexual forms in days 
after beginning treatment 

1 ■;i2 

' 0-7.') 


l-7.> 

Percentage of cases showing cres- 
cents 

» 

29-4 

' 1’) 

100 

3.') 

Percentage of cases with crescents ■ 

persisting till 7th day or longer 

33 -.‘I 

100 

8S 

07-1 


In a previous experiment, one of us (J. A. C., 1935) found in a series of 
88 cases of sub-tertian malaria treated with atebrin by the mouth, that the 
average times required for the temperature to fall to normal and asexual parasites 
to be eliminated from the peripheral blood were 2-8 days and 3-0 days respec- 
tivelv. Thus atebrin-musonate intramuscularly for 3 days is more rapid in its 
action on the fever by 1 -6 days, and in its action on the asexual parasites by 
1-25 days. 


Case 65. 

This was, as has been noted, the only European in the series and since the case presents 
one or two points of interest, it will be described in detail. The patient was a robust 
adult male, an aviator by profession, who had been treated for his first malarial attack 
two months previously. The said first attack was a severe one and was treated with oral 
atebrin 0-1 gramme t.i.d. for 5 days, followed by a second similar course after a week’s 
interval. After a convalescence at sea level there was a relapse of moderate severity which 
was treated with oral atebrin t.i.d. for 7 days and plasmoquine simplex t.i.d. for 5 davs 
after the atebrin. A week later, the patient was able to pass the severe medical examination 
required of commercial pilots and resumed flying. On June 16th he had a forced landing 
in an unhabited area and was obliged to walk with his passenger through the heat of the 
day for many miles on an empty stomach. This resulted in another relapse which he 
treated himself with atebrin t.i.d. for 5 days. 

The attack under review commenced 3 days before admission to hospital with rigors, 
vomiting and headache. 

Treatment began on July 11th with an intramuscular injection of atebrin-musonate. 
At that time, there were forty rings and six crescents in fifty fields. The next day the 
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temperature fell, another injection was given and later the temperature rose to 103-4^ F. 
This, however, was the end of the fever and two more intramuscular injections were given. 
The chart shows the progress of the case. As indicated in Table II plasmoquine was 
given for 5 days after discharge from hospital in order to eliminate crescents. 

Case 65. 
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On the day following discharge from hospital the patient felt better than he had done 
since the time of the original malarial attack and was able to pass his pilot’s medical 
examination 7 days after the plasmoquine was stopped. He has remained free from 
relapse for 5 weeks. 

Case 61. 

This patient was a member of a tribe amongst whom malaria is hyperendemic and had 
fever with rigors for 3 days before admission. His urine was the colour of port wine 
but he had no temperature and his blood was negative. Since the haemoglobinuria was 
uncomplicated he was given no more drastic treatment than a brisk purge and copious 
saline draughts. Three intramuscular injections of atebrin-musonate were given and the 
patient made an uneventful recover}', the urine being free from haemoglobin 36 hours after 
treatment began. 


Discussion. 

The questions to which it was hoped that this investigation would give 
preliminary answers were as follows : — 1. Does the introduction of atebrin- 
musonate represent a definite advance in malaria therapy ? 2. What is the 

best method of administration ? 3. How does the cost of a course of atebrin- 

musonate compare with the cost of treatment b)' other methods ? 

1. Does the introduction of atebrin-musonate represent a definite advance 
in malaria therapy ? 

There appears to be no doubt that this question may be answered in the 
affirmative. In the first place it is not possible to rely wholly or even largely, 
upon an)^ anti-malarial drug which can be given only by the mouth, at all events 
such is the case so far as East African malignant tertian malaria is concerned. 
Atebrin is now considered by a large percentage of malariologists to be a valuable 
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use in natives, but the slight inconvenience involved and lack of all unpleasant 
toxic symptoms, make it a strong rival to quinine and oral atebrin for patients 
able to bear the expense. 
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THE YELLOW FEVER IMMUNITY SURVEY OF NORTH, 
EAST AND SOUTH AFRICA. 

BY 

W. A. SA\V\TR 

AND 

LORING WHITMAN. 

From the Laboratories of the International Health Division of the Rockefeller Foundation, 

Nezv York. 

Since early in 1931 the International Health Division of the Rockefeller 
Foundation, with the co-operation of the governments concerned, has been 
carrying on an investigation of the geographical distribution of yellow fev'er 
immunity in man. For this purpose many specimens of blood serum have been 
collected and tested for their power to protect mice against yellow fever virus 
by the intraperitoneal protection test of Sawyer and Lloyd (1931). The 
principal objects of this survey are to delimit the areas of the world in which 
the disease has recently been present and may now exist and to contribute to 
the knowledge of its epidemiology. 

This report is the fourth to be published by various authors on the distri- 
bution of 3 'ellow fever immunity in different regions of Africa. The greater part 
of West Africa was investigated by Beeuwkes and Mahaffy (1934), and the 
remaining area was independently sun'^eyed for the French Government b)'^ 
Stefanopoulo, as published by Boye (1933). A region including the French 
Cameroons, French Equatorial Africa, the Belgian Congo, and Angola was 
reported on by Beeuwkes, Mah.affy, Burke and Paul (1934). This investigation 
of the northern, eastern, and southern parts of Africa and Spanish Guinea 
completes the general surve}' of the continent. 

Additional information regarding two of the countries included in the 
regional survej's has been published. Hewer (1934), who had collected the sera 
from the Anglo-Egyptian Sudan, summarized and discussed the protection test 
results for that country. Mouchet, van Hoof, Duren, Fornara, Clarebout, 
Henry and Henrard (1934), who had co-operated in the immunity survey of 
the Belgian Congo, presented further particulars regarding the conditions there. 

In the survey here reported the blood sera were obtained for us by the 
health officials of the several countries. An exceptional opportunity for discussing 
the value of the survey and inviting the co-operation of representatives of the 
health services in its extension to the eastern and southern parts of Africa was 
afforded to one of the authors by the Cape Town Conference held in November, 
1932, under the auspices of the Health Organization of the League of Nations. 
The Permanent Committee of the Office International d’Hygiene Publique, in 
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a letter from its president dated December 31st, 1930, had previously communi- 
cated its request that the Rockefeller Foundation undertake the technical 
management and organization of investigations of the areas of endemic yellow 
fever. These investigations were to be made by the powers concerned or with 
their consent and help. 

The work in British colonies was facilitated by the co-operation and valued 
suggestions of Sir Thomas Stanton, Chief Medical Adviser to the Secretary 
of State for the Colonies, and by the offer of Dr. G. M. Findlay of the Wellcome 
Bureau of Scientific Research to assist in arranging for the collection of sera and to 
receive the specimens in London and re-ship them to New York under suitable 
conditions. Dr. G. J. Stefanopoulo of the Pasteur Institute in Paris assisted 
by obtaining specimens from the French colonies through local health officials, 
and by testing some of them for us in his laboratory by the methods used in 
this suiY'ey. The effective and prompt co-operation of many persons greatly 
hastened the completion of the general immunity survey of Africa and made it 
unnecessary for the International Health Division to plan and finance special 
expeditions for the collection of sera. 

As in the surveys of Beeuwkes and his associates, the sera were collected 
as far as practicable in lots of twenty-five. When there was no reason to suspect 
the presence of immunes, the sera were collected from adults only, but elsewhere 
the aim was to secure twenty-five specimens from adults and twenty-five from 
children. Persons were selected for bleeding who were natives of the region 
and had never been away, but in certain instances to be mentioned it was dis- 
covered afterwards that donors of protective sera had been in distant places. 
The particulars regarding the donors were entered on printed forms and sent 
with the specimens. With a few exceptions, the sera were prepared in a govern- 
ment laboratory and shipped in sealed ampoules under refrigeration to New 
York, where they were tested in mice. A few shipments of whole blood were 
received in the vacuum syringes (‘ venules ’) in which the blood had been 
collected and were nevertheless usually satisfactorily examined. The method 
of testing the sera and reporting the results was that originally described by 
Sawyer and Lloyd (1931) except for t\vo minor changes. The test had been 
made slightly less sensitive, or less likely to produce positive results, by increasing 
the strength of the virus-containing mouse-brain emulsion used in the serum- 
virus inoculations from 10 to 20 per cent. The results of tests in which onlv 
two of five or six mice survived were classed as negative instead of inconclusive 
as previously. To be considered protective a serum had to permit, as in the 
original method, the survival of all but one of five or six mice, or all of four, 
from the 4th to the 10th day after inoculation. Six highly susceptible mice were 
used for the test of each serum and for each control. 

The results of the tests are presented in the Table and IMaps I and II. 
For convenience in presenting and discussing the findings, the blood donors 
from 3 to 16 years of age were classified as children, and those over 16 years old 
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Table. 

RESULTS OF TESTS OF SERA FOR PROTECTIVE POWER AGAINST YELLOW FEVER VIRUS. 


Country. 

Town or 
Locality. 

Ages of 
Donors 
(Years). 

Number 

of 

Specimens 

Sera Giving 
Protection. 

Youngest Donor of 

Number. 

Per cent. 

(Age in Years). 

Morocco 

Casablanca 

17-45 

24 

0 

0 



Fez 

22-45 

17 

0 

0 



Rabat 

22-70 

45 

0 

0 


Algeria 

Oran 

Adults 

28 

0 

0 


Tunisia 

Tunis 

Adults 

25 

0 

0 


Egypt 

Assuan 

17-05 

28 

0 

0 



Assyut 

17-60 

48 

2 

4-2 

20 


Luxor 

17-48 

51 

0 

0 



Mansura 

6-16 

15 

0 

0 




17-68 

95 

1 

M 

22 

Ang/o-Egyptian 

Amadi 

4-10 

17 

0 

0 


Sudan 


17-60 

19 

O 

11 

20 


Dilling 

3-16 

15 

0 

0 




17-80 

30 

7 

23 

30 


El Fasher 

4-16 

18 

0 

0 




17-50 

20 

9 

45 

25 


El Obeid 

0-rl6 

20 

0 

0 




17-70 

32 

0 

0 



Geneina 

3-16 

13 

0 

0 




17-47 

25 

2 

8 

19 


Juba 

3-16 

22 

3 

14 

4 



17-56 

29 

2 




Kihartoum 

17-46 

32 

0 

0 



Li Rangu 

3-16 

15 

0 

0 




17-40 

16 

4 

25 

28 


Malakal 

2-10 

23 

0 

0 




17-70 

27 

1 

3-7 

IS 


Rumbek 

3-16 

26 

1 

3-S 

11 



17-00 

35 

16 

46 



Wau 

4-1 G 

24 

3 

13 

6 



17-60 

31 

8 

26 



Tirol 

3-16 

19 

0 

0 



Yubo 

3-16 

17 

0 

0 




17-55 

20 

5 

25 

30 


Zalingi 

.3-16 

14 

0 

0 




17-48 

16 

o 

13 

27 

Ethiopia 

Addis Ababa 

19-60 

27 

0 

0 


British 

Berbera 

16-45 

10 

0 

0 


Somaliland 

Burao 

18-62 

19 

0 

0 



Hargeisa 

20-50 

. 15 

0 

0 


Uganda 

Ajumani 

8-16 

17 

0 

0 




17-50 

29 

0 

0 
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Country. 


Ugnnda 


Kenya 


Tanganyika 


Zanzibar 


Town or 
Locality. 


Aringa 

Arua, Maracha, 
Vurra Group 
■ Fort Portal & 
Toro District 
Gulu 

Kaiso, Kibcro, 
K i b a n cl a , 
Buhuka 
Kigezi, Kabalc 
and extreme 
West 
Kitgum 


Masindi 


Mugwcrc,i\lug- 
ishu, Musoga, 
M u n y u 1 i 
Tribes 

Fort Hall Dis- 
trict 

Kakamega 
Kisii 
Kisumu 
Bukoba and 
Muhamba 
Dar-es-Salaam 
Kigoma 
Mpwapwa 
Mwanza 
Tabora 
Tinde 

Uzinza rtnd 
Urima 
Zanzibar 


Sera Giving 

Ages of Number Protection. Youngest Donor of 

Donors of Protective Serum 

(Years). Specimens. Number. Per cent. (.^gc in Years). 


17-40 
Adults 
17-35 
Over 10 
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Tabi£ — (Cotitd.). 


Country. 

Town or 
Locality. 

Ages of 
Donors 
(Years). 

Number 

of 

Specimens. 

Sera Giving 
Protection. 

Youngest Donor of 
Protective Serum 
(Age in Years). 

Number. 

Per cent. 

Northern 

Barotseland and 






Rhodesia 

Livingstone 

18-36 

21 

0 

0 



East Luangwa 

17-46 

25 

1 

4-0 

24 


Northwest Area 

18-50 

25 

0 

0 



West Luangrva 

18-42 

25 

, 1 

4-0 

30 

Southern 

Mtoko District 

16-60 

22 

0 

0 


Rhodesia 







Madagascar 

Antananarivo 

Adults 

20 

0 

0 


Bechuanaland 

Serowe 

19-56 

13 

0 

0 


Protectorate 







Union of South 

Cape Town 

19-30 

24 

0 

0 


Africa 

Durban 

20-74 

25 

0 

0 



Tongaland 

16-50 

42 

0 

0 


Spanish Guinea 

Oveng 

18-60 

45 

8 

IS 

18 


Machinda 

18-60 

36 

1 

2-8 

30 


Bimbongo and 







Elobey 

20-65 

10 

0 

0 

IS*’ 


Total 







SpanishGuinea 







(adults) 

18-65 

91 

9 

10 



*Among five additional sera from children of Bimbongo, there was one protective serum from a 
donor 13 years old. 

as adults. A few persons 15 or 16 years old were sometimes grouped with tu 
adults when no special collection from children was made. Groups containing 
less than ten donors, and those for which ages or exact locations were not 
obtained, were omitted from the table and the maps. There were no protective 
sera among those dropped for these reasons, except in one specially mentioned 
case in Spanish Guinea. 

In the Table are given for each locality the age groups of the donors, the 
number of specimens satisfactorily examined, the number of protective sera, 
the percentage of protective sera among all sera satisfactorily examined, and the 
age of the youngest donor yielding a protective serum. In Maps I and II the 
percentages of protective sera among children and adults are graphically presented 
for each locality. In Map I are shown also the areas covered by the previously 
published suir’eys and the approximate boundary of the part of Africa which 
has undergone infection during the lifetime of the present generation. This 
vast recently-infected region, which probably corresponds in general with the 
endemic area of yellow fever in the Eastern Hemisphere, extends into the 
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territor)’ covered by this survey. From the data previously published and those 
now presented, it is apparent that the infection is irregularly distributed within 
the endemic area and may be absent from parts of it for considerable periods of 
time. The absence of immunity in some places from all the donors e.xamined, 
and in others from the children only, is evidence of this. 

The relation of the geographical distribution of the clinicall}' recognized 
yellow fever of the past to the area of recent immunity has been discussed for 
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MAP I 

YELLOW FEVER IMMUNm" 
IN AFRICA 

Previously sun'eyed by 
J23 Beeuwkes and MahafFy 
^3 Beeuwkes.Mahaflfy, Burke and Paul 
EHi Stefanopoulo 

— — Approximate boundai^* of area of 
recent infection. 
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Map 1. — DISTRIBUTION OF IMMUNITY TO YELLOW FEVER IN AFRIC'^ 

Outer circles represent adults. Imt^ circles represent children. Black sectors indicate the 
proportion with protective sera. Circles crossed with lines signify that no tests M-ere made. 
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Africa as a whole in another publication (Sawyer, 1935). All the historic 
outbreaks of yellow fever in Africa occurred within the area of recent immunity 
outlined in Map I except some epidemics further south on the coast of Angola 
(Damas hfoRA, 1933) and two invasions of Morocco. Yellow fever was never 
reported from the interior east of Nigeria, even within the area of recent immunit)’, 
except for the one case recently observed at Wau in the Anglo-Egyptian Sudan 



Map 2. — distribution of immunity to yellow fever in the central part of E/\st 

AFRICA. 

Symbols as in Map 1. 
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(Hewer, 1934). Within the area of this investigation Morocco is the only 
country which has a clear history of the presence of yellow fever at any time 
prior to this study (Augustin, 1909). In 1804 tlie disease was brought from 
Malaga to Penon de Velez, a fortress on a small island in the Mediterranean 
south-east of Ceuta, and became epidemic there. The one recorded intro- 
duction to the mainland occurred at Tangier in 1881, but there were only a 
few sporadic cases and no deaths. 

Morocco, Algeria and Tunisia. 

Sera were obtained from Casablanca, Fez and Rabat in Morocco in October, 
1933, through the kindness of Dr. G. J. Stefanopoulo and Dr. Gaud, Inspector 
to the Department of Health and Public Hygiene of Morocco. As is shown in 
the Table none of the 86 sera protected mice against yellow fever virus. Fifteen 
additional sera from adult natives of the same cities were examined for us by 
Dr. Stefanopoulo and the results were likewise negative. 

From Oran in Algeria and Tunis in Tunisia, Dr. Stefanopoulo obtained 
53 specimens from adult natives in 1934 and examined them for us at the Pasteur 
Institute in Paris. None of the sera gave protection. 

The results for these three countries, together with the yellow fever historj" 
of the region, were accepted as evidence that the disease was probably not 
present in the region north of the Sahara Desert. 

Egypt. 

The specimens from Egypt were obtained through the kindness of Dr. M. 
Shahin, Under-Secretary of State for Public Health. The donors were bled 
beUveen 29th November and 2Sth December, 1932. They were native 
Egj^ptians who had lived all their lives in their present localities. As shown in 
the Table there were 3 protective sera among 237 collected in 4 cities. The 
protective sera were 1-3 per cent, of the total number. One of two protective 
sera from Assyut gave protection also on retest, and a second specimen obtained 
six months later from the same donor at first gave an inconclusive result (partial 
protection), but gave protection on retest. This donor’s serum seems to have a 
persistent but low protective power, which would ordinarily be accepted as 
evidence of previous infection with yellow fever virus. The other protective 
serum from Assyut was of doubtful significance as its protective power was 
weak and transient. The first result was inconclusive, but there was protection 
on retest. A specimen obtained six months later was entirely without protective 
power in two tests. The protective serum from Mansura could not be retested 
as there was not enough serum, and the donor had died of pellagra when a second 
specimen was sought six months later. 

The results show that Egypt has not been invaded in recent times and is 
outside the area of recent immunity. The extremely few protective sera may 
have been due to sporadic infection introduced by travellers from further south 
under conditions unfavourable to the spread of the disease, or possibly to an 
exceptional concentration of some non-specific factor in the blood. 
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Anglo-Egyptian Sudan. 

For the large number of well-selected sera from the Anglo-Egyptian Sudan 
we are indebted to Dr. O. F. H. AtivEY and Dr. E. D. Pridie, successive Directors 
of the Sudan Medical Service, to Sir Robert G. Archibald, Director of the 
Wellcome Tropical Research Laboratories in Khartoum, and to Dr. T. F. 
Heaver of the same laboratories. The sera Av^ere collected betw^een 2nd March, 
1933, and 10th October, 1934. As aa'III be seen from the Table and Map II the 
south-Avestern part of the Anglo-Egyptian Sudan contains many persons Avho 
have acquired immunity to yelloAV fever. The country may conveniently be 
divided into three regions according to the degree to which the population is 
immune. In the north-east the adults are without immunity to yellow fever, 
and AA^e may conclude that the present population has not been exposed to 
infection. In the region in the south-AA^est represented by Wau, Rumbek and 
Juba, even young children are found to be immune, showing that the infection 
has recently been active there and may noAV be present. To the north and 
south-Avest of this region are many tOAAms in Avhich only the adults are immune. 
The immunity in these places may have been produced by infrequent AA'aves of 
infection. The results suggest that some of these towns may not have been 
visited in the last 18 years or more. One cannot be very positive, hoAvever, 
regarding the absence of immunity in the younger persons, or its significance. 
The testing of a larger sample of the child population might have revealed some 
immunes. It is the usual experience to find that the percentage of immune 
persons rises Avith age in endemic areas, and the minimum number of tests which 
Avould give dependable negative results Avould therefore need to be larger in the 
case of children than in that of adults. It is also possible that the unknown 
conditions of transfer of yellow fever in the Anglo-Egyptian Sudan may favour 
the infection of adults in places aAvay from the towns and the escape of town- 
dAA'^elling women and children, as in the “ jungle yelloAv fever ” of South 
America (Soper, 1935). 

Pridie (1934) is inclined to explain the distribution of immunity in the 
Anglo-Egyptian Sudan as being determined by the routes of the pilgrimages 
from West Africa towards Mecca. Evidence that yellow fever is now present 
in the Province of Bahr-el-Ghazal, Avhere protective sera AA^ere obtained from 
young children, was presented by a case diagnosed as yelloAv fever and reported 
in June, 1934 (Hewer, 1934). That the infection has long been present in the 
Anglo-Egyptian Sudan is suggested by Heaver, Avho cites the case of the 
Sudanese soldiers recruited in Darfur and Kordofan Avho AA^ere sent to Mexico 
in 1863 and proved to be immune AALen exposed to yelloAv fever. This historical 
observation, and the absence of recognized severe epidemics, strongly suggests 
that the immunizing process in the region is of long standing, and that the area 
of immunity, taken as a Avhole, should be classed as endemic, AALether the 
immunizing infection is intermittently introduced into the individual localities 
from other places or is constantly present. 

A feAv of the results in the Table need comment. One man aaLo gaA^e a 
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Spanish Guinea. 

In June, 1935, a shipment of one hundred blood specimens from Spanish 
Guinea was received. They had been collected by Dr. Otegui in a preliminary 
expedition organized by the Iglcsias Amazon Expedition Advisory Council. 
The scientific programme had been outlined by Dr. Luis Najera, Chief of the 
Medical Section of the Council, with the approval of Professor Pittaluga as a 
member of the Council. Of ninety-nine specimens satisfactorily examined, one 
came from Elobey and was without protective power. The others were from 
Oveng, Machinda and Bimbongo. Among ninety-one sera from adult natives, 
nine (10 per cent.) gave protection. Eight sera from children under 16 years 
of age were included in the shipment. Two from Oveng and one from Machinda 
were without protective power. Among five from Bimbongo, one from a boy 
13 years old gave complete protection and another from a boy of S years gave 
an inconclusive result (partial protection). 

The evidence shows that yellow fever immunization has been taking place 
in Spanish Guinea in recent years. That it is now going on in the general 
region in which Spanish Guinea is situated is suggested by the report by Boye 
(1934) of two probable cases of yellow fever, in May, 1934, at Port Gentil, not 
far south of Spanish Guinea on the coast of French Equatorial Africa. 

Summary and Discussion. 

As the report here presented completes the general yellow fever immunity 
survey of Africa, it would seem appropriate at this time briefly to sum up and 
discuss the results of the whole investigation from its beginning in 1931 to its 
conclusion in 1935, including the surveys of Beeuwkes and his associates (1934) 
and Stefanopoulo (Boye, 1933) as well as the one w’e are now putting on record. 

In Africa yellow fever immunity in man, as determined by blood tests in 
mice, is widely but irregularly distributed in a region extending from the coast 
of Senegal eastward for approximately 3,300 miles to the upper reaches of the 
White Nile in the Anglo-Egyptian Sudan. On the north this region is limited 
by the Sahara Desert. On the south the boundary follows the coast of the 
Atlantic Ocean from Senegal to the extreme northern part of Angola and then 
runs eastward across Angola and the southern part of the Belgian Congo. The 
region has a maximum width of about 1,400 miles and lies between latitudes 
16 degrees North and 6 degrees South (Maps I and 11). 

Human blood specimens from localities scattered throughout the parts of 
Africa lying outside the region of immunity were found to be without power to 
protect mice against yellow fever virus, except in a few rare instances which 
have been discussed. The chance of finding an isolated individual with protective 
blood seems to rise with the number of sera collected and the nearness to the 
area of immunity. With our present knowledge we can only explain these few 
divergent results as probably being due (1) to infection of the blood donor with 
yellow fever virus when, contrary to the information given, he had visited some 
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distant place, (2) to sporadic infections with virus introduced into the locality 
or persisting there under conditions unfavourable to the spread of the infection, 
or (3) to an exceptional concentration of some non-specific factor in the blood. 

Within the region of immunity there are areas in which no immunes were 
discovered, others in which only a small proportion of the adults were immune, 
and still others in which considerable proportions of both adults and children 
had protective blood. Nevertheless the region as a whole may be considered 
as endemic, in the sense that the disease is always present and widel}'^ distributed. 
To what extent it is continuously present in any particular place that shows high 
prevalence of immunity but has no history of yellow fever is difficult to determine, 
as either constant endemicity or a recent sharp epidemic might conceivably have 
produced the observed condition. Likewise, the places in which only a few 
adults are immune might either have undergone an epidemic many years earlier 
or have been in a constant state of low endemicity under conditions which make 
infective exposures infrequent. The African region of immunity may be con- 
sidered as the endemic region of the Eastern Hemisphere. It is one of the two 
great endemic regions of the world, the other being in South America. 

For convenience in discussion the i\.frican region of immunity may be 
divided into two parts. The western area e.xtends to the eastern border of 
Nigeria and includes also the coastal region from Nigeria to Angola. The 
remainder of the region is the eastern area. 

The western area has had numerous epidemics of yellow fever, both on the 
coast and in the interior, and is still having them. All the historic outbreaks of 
yellow fever in Africa have occurred within this area, e.xcept the two introductions 
of yellow fever in northern Morocco in 1804 and 1881 and the appearance of 
yellow fever in coastal towns of Angola up to 1899. In West Africa in the 
presence of the frequent urban and town epidemics in which Aedes aegypti is 
undoubtedly the vector, it would be difficult to recognize or study yellow fever 
perpetuated or spread in other ways than the common one previously established. 

In the eastern area the situation is radically different, \ellow fever has 
never been recognized except for the single probable case recorded by Hew^ 
during the course of the immunity survey. Europeans stationed in places where 
a large proportion of the natives are immune have never been known to contract 
the disease, and Europeans and natives whose blood was tested because they 
gave a history of a disease with symptoms suggestive of yellow fever, gave no 
evidence of having acquired immunity. The heavil}’’ immunized areas would 
therefore seem to be continuously endemic rather than epidemic, if we assume 
that the epidemic disease is likely to manifest its presence by some severe and 
characteristic cases, as it commonly does in the western area. The possibility 
cannot be ignored, however, that tlie immunizing infection may be with strains 
of yellow fever virus which differ from those in classic epidemics in hav'ing a 
lowered virulence, or a selective virulence for a different set of tissues. This is 
suggested by the extensive alterations brought about in the laborator}’’ in con- 
verting the viscerotropic yellow fever virus to the neurotropic and also by minor 
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differences in virulence between virus strains from different sources. An 
epidemic with an unfamiliar strain of virus of altered virulence might be unrecog- 
nizable under present conditions, particular!}' among population groups possess- 
ing relatively high racial or inherited resistance, even though an occasional 
variant case might have resemblances to the classic disease. 

Within the eastern area there is a zone of high prevalence of immunity 
among children and adults. The number of places sampled was not great 
enough to give clear boundaries for this zone or to rule out the possibility of 
gaps and irregular extensions. The zone lies between latitudes 3 and 8 degrees 
North and extends from the eastern part of the French Cameroons across 
French Equatorial Africa, overlapping the northern edge of the Belgian Congo, 
and into the Anglo-Egyptian Sudan as far as Rumbek. To the north and south 
of this zone there is a diminishing incidence of immunity. 

The environmental conditions which favour yellow fever immunization in 
the zone of high prevalence of immunity in the eastern area and those which 
tend to confine the immunizing infection to the larger region of immunity are 
in great part unknown. They may be similar to those responsible for the per- 
petuation and limitation of the jungle yellow fever now being studied by Soper 
in South America or they may be peculiar to Africa. The zone of high prevalence 
of immunity affords an exceptional opportunity for an intensive study by 
epidemiologists, pathologists, bacteriologists, entomologists and zoologists to 
determine (1) the symptomatology and pathology of the disease produced by 
the immunizing infection (2) the ciiaracteristics of the prevailing strain of yellow 
fever virus, (3) the identities and habits of the blood-sucking arthropod vectors, 
and (4) the presence or absence of warm-blooded animal hosts other than man. 
Persistent studies along these lines should make it possible to estimate the extent 
of the danger from yellow fever in Central Africa and the probability of its 
spread to the eastern coast. Such studies should also help to determine what 
precautionary measures arc required. 
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NIGERIAN INSECTIVORA (HEDGEHOGS AND SHREWS)— THEIR 
REACTION TO NEUROTROPIC YELLOW FEVER VIRUS. 

BY 

E. C. SMITH,* 

Colonial Medical Service, Lai^os, Nigeria. 


Findlay and Clarke (1934) have shown that the common European 
hedgehog is susceptible to the neurotropic yellow fever virus when inoculated 
intracerebrally, subcutaneously or intraperitoneally. Later, Findlay, Hewer 
and Clarke (1935) have shown that the Sudanese hedgehog (Atelcrix albiventris) 
is also susceptible to the viscerotropic strain of yellow fever virus when inoculated 
subcutaneously. In view of these findings it is of interest to record the results 
of experimental inoculations of neurotropic yellow fever virus in Nigerian 
hedgehogs {Atelerix olbwejitris) and shrews {Croccidura matwi). 

HEDGEHOGS. 

Seventeen animals were used. Thirteen were inoculated intracerebrally 
(including four animals used to maintain passage), with 0-15 c.c. of a 1 in 10 
emulsion in normal saline of mouse brain virus fatal to mice on the 4th day. 
Four were inoculated subcutaneously using 1-5 c.c. of the same virus emulsion 
diluted 1 in 5. The latter gave entirely negative results. Of the thirteen 
inoculated intracerebrally, seven died (or M'ere killed in extremis) at periods 
varying from 9 to 13 days, average 10-5 days, from the date of inoculation. 
All the animals showed paralytic symptoms and were unable to coil up when 
touched or alarmed : they lay in an extended position, were unable to move 
and became rapidly moribund within 24 to 48 hours after the development of 
symptoms. In one instance the virus was passaged through four hedgehogs 
and was finally transferred to mice (intracerebral inoculation), both unfiltered 
and after passage through an unused Berkefeld V. filter. The six mice used in 

* The author is indebted to the Director, h'ledical and Sanitary Services, Nigeria, for 
permission to publish, to Mr. Beaton, Veterinary Department, Kano, for his kindness in 
obtaining a supply of hedgehogs and to the Senior Health Officer, Lagos, for his help in 
procuring the shrews. 
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HISTOPATHOLOGY OF YELLOW FEVER IN THE HEDGEHOG. 
{Haematoxylin and eosin staining.) 
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e. 


1 . Cerebral cortex (hedgehog, first passage). 
Perivascular infiltration. X 375. 


2. Liver (hedgehog, third passage). Dis- 
organisation and necrosis of the hepatic 
cells. X 375. 
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3. Liver (hedgehog, third passage). Infil- 
tration of the tissue with leucocytes, 
necrosis and pigmentation of Kupffer cells. 
X 375. 


4. Liver (hedgehog, fourth passage). Well 
marked “ Councilman ” lesion and hyper- 
chromatic nuclei. X 1000. 


Mcrophotographs by Mr. J. E. Knight. 
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I . Cerebral cortex (hedgehoji, first passage). 
Perivascular infiltration. X 375. 


2. Liver (hedgehog, third passage). Dis- 
organisation and necrosis of the hepatic 
cells. X 375. 






3. Liver (hedgehog, third passage). Infil- 4. Liver (hedgehog, fourth passage) Well 

tration of the tissue with leucocytes, marked “ Councilman ” lesion and hyper- 
necrosis and pigmentation of Kupffer cells. chromatic nuclei x 1000 

X 375. 


Microphotographs by Mr. J. E. Knight. 
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'the first experiment died on tlie 5th day and those used in the second e.x'periment 
died on the 5tli or 6th day. Cultures of the hedgehog brain virus emulsions 
were made on agar and in broth after each passage with negative results. 


Pathological Appearances. 

Macroscopic. 

Brain . — Slight congestion of the meningeal vessels was noted. 

Liver . — Faint mottling u-as seen in one of the passage animals (third 
passage). The remainder showed congestion. 

Stotnach.—lAo changes were seen in this organ in any of the animals 
examined. 

Microscopic. 

Paraffin sections were prepared and in addition, frozen sections were made 
of the liver and stained for fat (sudan III). 

Brain . — Congestion of the vessels was present in all those examined 
together with perivascular infiltration with lymphocytes. The meninges, also, 
were congested and oedematous and were scantily infiltrated by leucocytes of 
the mononuclear type. 

, Liver . — Fat staining revealed the presence of scattered groups of.degenerated 
liver cells. These cell groups did not seem to have any definite zonal distribution. 
In the paraffin sections there was congestion of the vessels, pigmentation of the 
Kiipffer cells, jaundice and diffuse infiltration of the tissue with lymphocytes 
and occasional polymorphs, the infiltration becoming condensed in the region 
of Glisson’s capsule. 

Necrotic changes were definitely present in two of the livers examined 
(those of the third and fourth passages). These showed patchy disorganisation 
of the hepatic tissue wherein the cells were undergoing a form of granular 
necrosis with the formation of “ Councilman bodies.” The nucleus of many 
of the hepatic cells showed hyperchromatic changes and contained what appeared 
to be a finely granular acidophilic substance, more readily appreciated when 
Giemsa stain was used. 

Stomach . — Slight vascular congestion only was observed. 

SHREWS. 

Twelve shrews {Croccidura nianni) were inoculated witii neurotropic yellow 
fever virus. Eight animals received 0-1 c.c. of a 1 in 10 mouse brain emulsion 
in saline intracerebrally and four received 0-5 c.c. of a 1 in 5 emulsion subcu- 
taneously. None of the animals developed symptoms. A protection test, made 
with the pooled sera (blood obtained by cardiac puncture), of four normal 
shrews, was negative. 
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COMMKNT. 

The results obtained indicate that the local variety of hedgehog {Atelerix 
albivcJitris) is susceptible to the neurotropic form of yellow fever virus when 
inoculated intracerebrally but not when inoculated subcutaneously. The 
findings in two of the livers examined indicate necrotic changes in this organ. 
As no viscerotropic yellow fever virus was available it was not possible to 
determine the susceptibility of the local hedgehog thereto. Should it be subse- 
quently demonstrated that the animals are susceptible to the viscerotropic virus 
it is suggested that they might be used for diagnostic purposes in lieu of the 
costly Macacus rhesus monkey. The maintenance of a stock of hedgehogs would 
entail some initial difficulty in obtaining healthy animals as they do not travel 
well being liable to develop septic sores, particularly on the limbs. Healthy 
animals have been maintained in Lagos for several months. 'I'hey were kept 
in separate cages and given a varied diet of chopped fresh liver, raw meat and 
ground nuts together with a plentiful supply of water. Bread and milk was 
given for a time but was partaken of but sparingly. 

Conclusion. 

The hedgehog common in Northern Nigeria is susceptible to the neuro- 
tropic strain of yellow fever virus when inoculated intracerebrally. 

Shrews obtained in Southern Nigeria have not been found to be susceptible 
to the same virus. 
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THE SUSCEPTIBILITY OF NIGERIAN HEDGEHOGS TO 

YELLOW FEVER. 

BY 

G. M. FINDLAY 
and 

A. F. MAHAFFY,* 

Wellcome Bureau of Scientific Research, London. 


In view of the susceptibility of hedgehogs {Atelerix albiventris) from the 
Sudan to the viscerotropic yellow fever virus (Findlay, Hewer and Clarke, 
1935) and the results obtained by E. C. Smith (1936) with Nigerian hedgehogs 
infected with neurotropic yellow fever virus it appeared to be of interest to test 
the susceptibility of Nigerian hedgehogs to the viscerotropic strain of yellow 
fever virus. 

Six hedgehogs obtained from the neighbourhood of Kano, Northern 
Nigeria, were despatched to this country by Dr. E. C. Smith to whom our 
thanks are due. On arrival, they were tested for their susceptibility to French 
and Asibi yellow fever virus (viscerotropic strains). Two hedgehogs were 
inoculated intraperitoneally, one intracerebrally and two both intracerebrally 
and intraperitoneally, European hedgehogs being inoculated at the same time 
as controls. The European hedgehogs all died from yellow fever in from 5 to 
8 days, but none of the Nigerian hedgehogs succumbed or showed any definite 
illness. 

In order to determine whether this resistance was due to immunity as the 
result of previous infection occurring in Northern Nigeria, the sixth hedgehog 
was killed and its blood tested for immunity to yellow fever. No immune bodies 
were found in the blood although two of the Nigerian hedgehogs that had been 
inoculated intraperitoneally with yellow fever a month previously did show 
immune bodies in the blood. 

* Working witli the support and under the auspices of the International Health Division 
of the Rockefeller Foundation. 
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In association with .Smith’s experiments it must therefore be concluded 
that the Nigerian hedgehogs employed were not immune to yellow fever as a 
result of previous infection, but possessed a racial resistance. 

This resistance is all the more surprising as the hedgehogs from Kano, 
Northern Nigeria are very similar to, if not identical with, those from Omdurman, 
Anglo-Egyptian Sudan. Of these Sudanese hedgehogs, three out of four died 
with necrosis of the liver as a result of intraperitoneal injection of viscerotropic 
yellow fever virus. 

Some uncertainty appears to exist as to whether the Northern Nigerian 
hedgehog differs from that found in the Sudan. Thomas and Wroughton 
(1907) described the Northern Nigerian hedgehog as Aiclciix spiaihis, the type 
species from Maifoni near Lake Chad being now in the British Museum (Natural 
History), South Kensington. Further investigation, however, throws doubt on 
the validity of A. spicultis which must be regarded as probably identical with 
A. albiveiitris (= Eritiaceus pruneri). The investigations here described suggest 
that there may be a physiological difference between the Sudanese and Nigerian 
strains. In this connection it is interesting to note that the individuals highly 
susceptible to yellow fever were obtained from Omdurman, Anglo-Egyptian 
Sudan where there has never been recorded an epidemic of yellow fever and 
the disease is certainly not endemic. The resistant individuals, on the other 
hand, were obtained from Kano, Northern Nigeria, where epidemics of yellow 
fever' are by no means rare and the disease is possibly endemic. 

Conclusion. 

1 Hedgehogs, probably Atclcrix albiventris, obtained from Kano, Northern 
Nigeria, were found to be highly resistant to infection with viscerotropic yellow 
fever virus. 

2 This resistance was not due to the presence of immune bodies in the 
blood prior to the experimental inoculation. 
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YELLOW FEVER IMMUNE BODIES IN THE BLOOD OF 

AFRICAN ANIMALS. 

V 

PRELIMINARY OBSERVATIONS. 

BY 

G. M. FINDLAY, 

G. J. STEFANOPOULO, 

T. H. DAVEY 

AND 

A. F. MAHAFFY,* 

Wellcome Bureau o/ Scientific Research, London ; Pasteur Institute, Paris ; and Sir Alfred 
Jones Research Laboratory, Liverpool School of Tropical Medicine, Freetown, Sieira Leone. 


With the demonstration by Reed, Carroll and Agramonte (1901) that 
yellow fever is transmitted by Aedes aegypti the main factors in the epidemiology 
of the disease appeared to be once and for all established : in the absence of 
either susceptible human beings or mosquito vectors the disease would cease. 
Th,e eradication of mosquitoes from Havana and the subsequent disappearance 
of yellow fever from the whole of the West Indies was thought to establish the 
fact that the elimination of mosquitoes from large urban key centres would 
automatically lead to the elimination of yellow fever from the surrounding 
country. After a few years, however, it was recognized that such a sequence of 
events does not necessarily follow. No satisfactory explanation, however, was 
forthcoming till in 1928 Bauer, following on the suggestion of Manson (1914), 
showed that Aedes aegypti was not the only member of the Culicidae that could 
play the part of an insect vector of yellow fever. In a short time a number of 
other species of mosquito both in Africa and South America were found capable 
of transmitting the virus of yellow fever by their bites ; later, in South America, 
actual outbreaks of yellow fever were recorded in the absence of Aedes aegypti 
in a number of rural areas such as Chanaan, Espirito Santo, Brazil ; San Ramon, 
Bolivia ; and Coronel Ponce, Matto Grosso (Soper, 1935). 

* Working with the support and under the auspices of the International Health Division 
of the Rockefeller Foundation. 
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The further possibility that in nature certain animals may act as alternative 
hosts for the virus of yellow fever has already been suggested. I'hus Balfoui? 
(1915) described a heavy mortality in the red howler monkey {Alouaita 
scjiiculus) in association with an outbreak of yellow fever in 'J'rinidad. He also 
stated that in Gibraltar during the epidemic of 1828 the apes on the Rock 
succumbed in large numbers : the Barbary ape {Macacci sylvanus) has been 
shown by Pettit and Stefanopoulo (1980) to die from yellow fever. Unfor- 
tunately, Balfour failed to state the source from which his information was 
derived while contemporary accounts of the Gibraltar epidemic consulted by 
us fail to mention any mortality among monkeys. 

Under laboratory conditions many species of African animals, including 
monkeys, can be infected with yellow fever although they do not die or show 
any clinical symptoms of ill health following injection of the virus. The virus, 
however, circulates for some days in the peripheral blood stream while later 
immune bodies arc developed. Normal wild animals if bitten by mosquitoes 
infected with yellow fever virus may therefore act as alternative hosts to man 
and if again bitten during the period when the virus is present in the blood 
stream they may serve to maintain the supply of infected mosquitoes. Davis 
and PmLip(1981) have pointed out that Acdcs ori^ypfi and other potential yellow 
fever vectors by no means feed c.xclusivcly on man. 

During the past two years, therefore, an attempt has been made to c.xamine 
the bloods of wild and domestic animals from Africa for the presence of immune 
bodies to yellow fever. While these c.xpcriments were in progress Soper 
(1935fl and b) recorded the fact that immune bodies to yellow fever had been 
found in the bloods of certain South American monkeys obtained from rural 
areas in South America. The positive sera are found among at least four 
different species, Calliccbus or/iatus, Saimiri sciurca, Cebus apclla and Hapalc sp. 
(Soper, 1935i). 

Ape and Monkey Bloods. 

Bloods of apes and monkeys were obtained during 1934 from the Gold 
Coast and from French Guinea : during 1935 from Bathurst, Gambia and from 
the Belgian Congo.* 

The primates examined comprised six chimpanzees and nineteen other 
monkeys. As controls, seventeen Asiatic monkeys were examined — eleven 
rhesus monkeys {Macaca mulatto) and six crab-eating macaques {Macaco inis). 

The usual intraperitoneal mouse protection test was employed. Of the 
control monkeys, all were negative ; of the African monkeys, three were positive, 
a chimpanzee from French Guinea, a baboon from the Belgian Congo and a 

* For assistance in obtaining bloods from the Gambia we are greatly indebted to Dr. 
H. J. Bermingham and Mr. Erik Jonson, while our sincere thanks are also due to Dr. p! 
Brutsaert, Leopoldville, for sending us bloods from the Belgian Congo, and to Mis.s 
Fanny Waldren who collected the bloods in the Gold Coast Colony. 
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Colobiis monkey from the Gold Coast. The results are shown in Table I, I’he 
positive sera were tested at least twice to ensure that the first test was not due 
to adventitious factors and all three were found to protect either in a dilution 
of 1 in 4 or 1 in 8. 

Shortly before the monkey bloods were obtained from the Gambia an 


Table I, 

Bloods of African Apes and Monkeys Tested for Immunity to Yellow Fever. 


No. of 
Monkey. 

Species. 

Locality. 

! 

Result. 

1 

Anthropopithecus troglodytes Linn. Chimpanzee 

French Guinea 

p 

2 

• » *1 »* »» 

11 »> 

NP 

3 

.. 


NP 

4 


1 

NP 

5 

.. 

\ 

NP 

G 



NP 

7 

Papio sp. Baboon 

Belgian Congo 

P 

8 

Mandrillus sphinx Linn. Mandrill 

Gambia 

NP 

1) 

Cohbiis badiiis (sub. sp. nov.) 

Goaso, Gold Coast 

P 

10 

ErtUroccbus polos Schrcbcr. Patas monkey 

Mampong, Gold Coast 

NP 

11 

AUcnopithccus nigroviridis Pocock. Dwarf green 
monkey 

Belgian Congo 

NP 

12 

Ccrcopithccus diana rolotvoy Schreber. Gold 
Coast Diana monkey 

Goaso, Gold Coast 

NP 

13 

C. mono lowei I'homas. Lowe’s Mona monkey 

1? >> 

NP 

14 

C. cephus Linn. Moustached guenon 

Belgian Congo 

NP 

13 

It »» >> »» 

M .» ' 

NP 

16 

C. neglectus Schlegel. Schlegel’s guenon 

.. 

NP 

17 

C. aethiops sabaeus Linn. Green monkey 

Bathurst, Gambia 

NP 

IS 

ti It »t »» •» 

II »> 

NP 

19 

.. 


NP 

20 

IP IP II II 11 


NP 

21 

C. aethiops cynosuros Scopoli. Malbrouck guenon 

Belgian Congo i 

NP 

22 

C. galeritus agilis E. Riviere. Agile mangabey 

1. >1 

NP 

23 

.. 

.. .. > 

NP 

24 



NP 

25 

.. 


NP 


P = Protection. NP = No protection. 


outbreak of yellow fever had occurred in the town of Bathurst. This epidemic 
was of the typical urban type and there is no evidence that it spread to the 
surrounding country districts. 

In French Guinea at the time that the bloods were obtained from chim- 
panzees, cases of yellow fever were occurring. At Goaso, Gold Coast, on the 
other hand, there had been no history of any recent outbreak. Through the 
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kindness of Dr. David Dui-f, Director of Medical and Sanitary Services, Gold 
Coast, Dr. R. D. Reid, of the Medical Research Laboratory, Accra, was enabled 
to obtain the bloods of twelve children from Goaso under 12 years of age, all 
of whom were born and had spent their whole lives in that neighbourhood. One 
of these children protected. 

Although, in the case of the Belgian Congo, the exact locality from which 
the positive baboon came is unknown, it is believed to be from the northern 

Table II. 

Bloods of Mammals (other than Primates) and Birds from Africa Examined for 
Immune Bodies to Yellow Fe\’er. 


No. 

Species. 

Locality. 

Result. 

I 

Epomophorus sp. Fruit-eating bat 

Bathurst, Gambia 

NP 

0 

.. .. 


NP 

.3 



NP 

4 



NP 

r, 

Ovis arcs Linn. Sheep 


NP 

G 

»l •' •• 


P 

7 

.. 


NP 

8 

.. 


P 

!) 



NP 

in 

.. 


NP 

11 



NP 

12 

.. 


NP 

13 

Bos laiiriis Linn. Ox 


NP 

14 



NP 

I.) 

.. 

1 

NP 

IG 

Etixcriis crythrupus Geoff. Ground squirrel 

Wa, Gold Coast 

NP 

17 

ArvicaiUhis nifinus Temminck 

Pong Tamale, Gold Coast 

NP 

18 

Taterona giiitieae sub. sp. nov.* 

.. 

NP 

19 

Lcmniscomys harbarus nigeriac Thos. 


NP 

20 

; Cricetomys gamhianus Waterhouse. Giant rat 


NP 

21 

Gallus sp. Hen (1) 

Bathurst, Gambia 

NP 

22 

' „ (G) 


NP 

23 

.• (o) 


NP 

24 

.. (2) 


NP 

2.') 

, Nccrosyrtes inoitachus vionncJius Sclater. 

1 Common vulture 

1 

i 

NP 


P = Protection. NP = No protection. *Proc. Zool. Soc. (MS.). 


half of the country where varying numbers of positive sera are found among 
human beings. 

Other Animal Bloods. 

In Table II are shown the results obtained with bloods from a certain 
number of wild and domestic animals and birds. All the bloods were negative 
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except those of two sheep from the Gambia. One of these sheep protected in 
a dilution of 1 in 64, the other in 1 in 8. 

As a control, the bloods of six English sheep were obtained through the 
kindness of Dr. R. A. O’Brien, Director of the Wellcome Physiological Research 
Laboratories, Beckenham. These sheep had never been out of England but the 
blood of one of them protected in a dilution of 1 in 2 though not in 1 in 4. As 
this sheep could never have been exposed to yellow fever infection it is possible 
that false positive protection tests may occasionally be given by the blood of 
certain Ovidae. It is, however, of interest to note that Davis and Philip (1931) 
found that Mausoiiia africana and Culex thalasshis, potential yellow fever vectors, 
both fed under natural conditions on sheep and goats. 

Discussion. 

When Stokes, Bauer and Hudson (1928) first showed that Asiatic, but not 
African, monkeys succumbed to yellow fever it was suggested that the latter 
were immune to yellow fever. Later, however, it was found that African monkeys 
were merely resistant to the virus and not in reality immune. The preliminary 
observations here described suggest that occasionally true immunity may be 
found in African apes and monkeys. If these observations are confirmed and 
extended they suggest that in rural as opposed to urban areas monkeys may 
play some part in maintaining the continued existence of yellow fever. As in 
South America (Soper, 1935^) so in Africa a distinction will then have to be 
made between the epidemiology of urban and rural yellow fever. 

Further work, however, is obviously required to determine whether the 
mouse protection test for immune bodies to yellow fever is as specific in the case 
of animal bloods as it is in the case of human bloods, where no serious criticism 
of the specificity of the test has yet been advanced. In this connection it may 
be said that the bloods of rhesus monkeys infected with malaria [Plasmodium 
kiiowlesi) do not give a positive protection test for immune bodies to yellow fever, 
nor does the serum of animals immune to equine encephalomyelitis,* a virus 
disease of Equidae also transmitted by Aedes mosquitoes and widely distributed 
in both North and South America. 

It may, however, be interesting to note that recently Ramon and Erber 
(1935) have found that 53 per cent, of African monkeys show significant amounts 
of diphtheria antitoxin in their bloods and, although diphtheria is always regarded 
as being extremely rare in Africa, it has been possible in certain cases to isolate 
diphtheria bacilli from their throats. 

Conclusions. 

1. Of twenty-five normal chimpanzees and monkeys from Africa, whose 
bloods were examined for the presence of immune bodies to yellow fever, three 

* For this serum we are greatly indebted to Dr. E. We.ston Hurst of the Lister 
Institute. 
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were positive, a chimpanzee from French Guinea, a Colohus monkey from the 
Gold Coast and a baboon from the Belgian Congo. The bloods of seventeen 
Asiatic monkeys were negative. 

2. Human sera protecting against yellow fever have been obtained from 
the same areas. 

3. The bloods of two sheep from the Gambia protected against yellow 
fever but one of six English sheep used as a control also protected though only 
in a very low dilution. 
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Averc positive, a cliimpanzce from French Guinea, a Culobiis monkey from the 
Gold Coast and a baboon from the Belgian Congo. The bloods of seventeen 
Asiatic monkeys were negative. 

2. Human sera protecting against yellow fever have been obtained from 
the same areas. 

3. The bloods of two sheep from the Gambia protected against yellow 
fever but one of six English sheep used as a control also protected though onlv 
in a very low dilution. 
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OBITUARY. 

ETTORE MARCHIAFAVA. 
1847-1935. 


On 24th October, Professor Marchiafava died serenely in Rome in his 
SSth year. Physicians of great wisdom, high integrity and warm humanity 
have the special reward of being, beloved as well as admired. Marchiafava 
was the personal physician of three Popes and of the Royal House of Savoy, 
but he was particularly the physician of the poor people of Rome. He was active 
and untiring even in his extreme old age in every move to improve medical 
assistance and promote measures for the prevention of disease, so that at his 
simple funeral service the church was unable to hold the people of every class 
• — Senators, members of the Government, doctors, scientists, labourers and sisters 
of charity — who came to pay tribute to a great citizen as well as a great scientist. 
He had been made Senator of Italy in 1913. 

To the throng of his old students he was both an investigative pathologist 
and a friendly, enthusiastic teacher, striving always to link the anatomical with 
the clinical picture of disease. He became full Professor in the University of 
Rome at 36, retiring in 1922 at the age of 75. He wrote and spoke with charm 
and clarity, and possessed a wide humanistic culture, being especially at home in 
Latin and Greek. 

To the world, of course, he was one of the foremost malariologists, a member 
of that famous Italian group which included Golgi, Celli, Grassi, Bignami 
and Bastianelli, and which at the turn of the last century, developed the 
fundamental discoveries of Laveran and Ross, building the structure of our 
present knowledge of the Plasmodimn species and their transmission by a particular 
genus of mosquito. To Marchiafava belongs the honour of describing after 
patient research the forms and life cycle of P.folcipannn, noting first the pigment 
in 1879 before the parasite itself was discovered, identifying the ring forms 
in 1883 and finally (1889) correlating the whole developmental cycle of the 
parasite with the course of estivo-autumnal fever, just as Golgi had done with 
P. vivax and P. vialariac. In 1902, with Bignami he published his great book 
La Infesioue Malarica. This was a fundamental work which no malariologist 
to-day can afford to neglect. As a research worker and as a clinician Marchiafava 
was sternly methodical and exact, and hence this accurate record of his 
observations has not been rendered obsolete by the advance of knowledge, 
but to use St. Beuve’s definition of a classic, remains “ easily contemporaneous 
with all time.” The jealousies and bitter polemics which characterized, for some 
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curious reason, the early history of malaria discovery, left Marchiafava 
untouched. There was an unmistakable modesty, integrity and highmindedness 
about him that in the evening of his life provided him with a multitude of friends 
and no enemies. 


He was elected to many Italian and foreign scientific groups in recognition 
of his scientific attainments, and was an Honorary Fellow of the Royal Society 
of Tropical Medicine and Hygiene from its foundation in 1907. He went to 
London in 1926 to receive the Manson Medal from this Society. He was active 
mentally and physically’ to the end, and a frequent visitor to the library of the 
Malaria Experiment Station in Rome, helpful and unassuming always as becomes 
a great man. 

L. W. Hackf.tt. 
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1 . — Introductohy. 

When I Avas first lionoured with an invitation to read a paper on the malaria 
epidemic in Ceylon my intention was to give a full and complete account of the 
epidemic, but when I came to prepare the paper I found it would take so long 
to deliver that it would leave no time for discussion. I therefore decided to 
confine my remarks to the epidemiological aspect of the epidemic, and more 
especially to the mechanism of the epidemic wave. I shall therefore make no 
reference to the practical measures taken to cope with the epidemic, and I shall 
only refer to its disastrous effects in order to emphasize the powcrlessncss of 
modern medical science to prevent the outbreak of malaria epidemics or to 
check materially their course. 

The toll of life exacted by the Ceylon epidemic was approximately 100,000, 
whilst the sufferers probably numbered between one-third and one-half of the 
total population of the island. I will not attempt to appraise these losses in 
terms of money, but the cost to the State of relief measures was approximately 
;^350,000. The epidemic may perhaps be regarded as an exceptional horror, 
due to causes beyond human control, but can it be contended that the control 
of endemic malaria in the tropics is in much better case ? 

It is true that in towns and cities, and in small “ closed ” populations and 
communities, the control of malaria does not usually present insuperable financial 
or administrative difficulties, but what of the large free population of rural areas, 
numbering more than SO per cent, of the total ? In Ceylon, for example, it was 
not possible to suggest any practicable scheme for controlling malaria in an 
area embracing nearly three-quarters of the island, most of which is undeveloped 
and almost unpopulated solely on account of malaria. In so far as this and 
other similar areas in the tropics are concerned, it may be said that, despite the 
great advance of knowledge during the past 50 years, the control of malaria, as 
a practicable proposition, is almost as far to seek as it was a century' ago. 

The object of these remarks is not to depreciate what has been achieved 
in the past or is being attempted in the present, but to emphasize the view, 
which I believe is widely held, that there is little hope, within any' time that can 
be foreseen, of making substantial progress in combating the greatest scourge 
of the tropics until new and more effective methods of prevention and treatment 
become available. And if this is so, it is imperatively necessary to fill some of 
the gaps in our knowledge of the endemiology and epidemiology of malaria, in 
the hope that by obtaining a full and complete knowledge of the life-cycle of 
the malaria parasite, which of course covers a wider field than the life-history 
of the malaria-carrying mosquito, it will be possible to broaden the basis of 
anti-malaria measures and to increase their effectiveness. 

T. he malaria epidemic in Ceylon provided an opportunity of studying 
malaria under extremely favourable conditions, and my object this evening is 
to place before you certain obsert'ations which, if correctly made and rightly 
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interpreted, appear to throw light upon certain obscure aspects of the endemiology 
and epidemiology of malaria and help to explain the cause of the recent epidemic. 

2. — Summary of Previous Work on Epidemic Malaria. 

In most, if not in all, paludic countries malaria occasionally assumes 
abnormal prevalence, and when its incidence is unusually high over wide areas, 
a generalized epidemic is said to occur, and when the epidemic is sufficiently 
extensive, malaria is said to prevail in pandemic form. These epidemics may 
exhibit every grade of intensity from a slight exaggeration of the normal seasonal 
wave of morbidity and mortality to a fulminant epidemic associated with almost 
universal sickness and a death-rate many times the normal. Fulminant epidemics 
occur rarely, but the epidemics that decimated Mauritius in the year 1867, the 
Punjab in 1908, and Ceylon in the year 1935 are outstanding examples of 
virulent regional epidemics. 

Minor epidemics, although the}'’ occur more frequently, often escape 
recognition or are merely regarded as “ bad fever years,” and it thus comes 
about that almost all that is known in regard to the natural history of epidemic 
malaria is derived from the study of major epidemics ; and it is no doubt largely 
because major epidemics occur more frequently in Northern India than else- 
where that existing knowledge regarding their causation is mainly due to 
investigations conducted in India. Christophers (1911) was the first to study 
a great regional epidemic of malaria, and, in his classical report on the epidemic 
in the Punjab in the year 1908, he not only established all the salient features 
of this epidemic, but he foreshadowed the lines and suggested the methods of 
future research, and, by so doing, placed all subsequent workers in the same 
field, and more especially the writer, under a great and abiding obligation. 

Christophers showed that regional epidemics had occurred periodically 
in the Punjab ever since vital statistics were recorded, and he noted that their 
onset was characterized b}^ the sudden and almost simultaneous outbreak of 
sickness over wide areas followed by high mortality mainly amongst infants 
and young children. He showed tliat in the Punjab excessive rainfall and 
flooding was the important determining cause of these epidemics, and that 
scarcity was an almost equally powerful influencing factor. He stressed the 
peculiar focal character of the epidemics, their intensity being greatest in the 
centre and fading towards the periphery, “ vividly calling to mind such 
phenomena as areas of low and high barometric pressure. ” As regards anopheline 
prevalence, he remarked that the close association of the epidemic with flooding 
suggested something more than the provision of unusual facilities for the repro- 
duction of the species in pools. 

He concluded that “ the exact mechanism of epidemic causation is still 
unknown, but the epidemic condition appears to be due to an excessive seasonal 
increase of the parasite-rate, fluctuations in which occur even in healthy years.” 
Finally, he stressed the importance of the quantitative stud}' of malarial 
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infections, and he showed, by experiments with avian malaria, that the severity of 
infection depended, not so much upon the number of infected mosquitoes, as 
upon the number of sporozoites injected at each bite, and that this, in turn, 
depends upon the number of gametocytes in the peripheral blood of the avian 
host at the time it was bitten. 

The investigation was continued by Gill (1921) whose experimental work 
on the influence of atmospheric humidity upon the life-history of mosquitoes 
and their power to transmit infection led him to conclude that high atmospheric 
humidity, in association with high temperature, exercised a profound effect 
upon the epidemiology of malaria by favouring the numerical prevalence, 
longevity, and metabolic activity of the insect-carrier, and by accelerating the 
sexual cycle of the malaria parasite in the insect-host. He also made the pertinent, 
although negative, observation that relative humidity does not exercise any 
influence upon the number or rate of development of oocysts. He concluded 
therefore that excessive rainfall and flooding favoured the occurrence of malaria 
epidemics mainly by their effect in creating and maintaining an environment 
highly favourable to the bionomics of the insect-carrier and to its power to 
transmit infection, but he also suggested (Gill, 1928) that the sudden rise of 
atmospheric humidity during the pre-epidemic period might possibly exercise 
a direct effect upon the malaria parasite in the tissues of the human host. 

The experimental work was repeated by Mayne (1930) who found that 
Anopheles culicifacies was more sensitive to atmospheric humidity than are 
certain other species, whilst Covell (1928), Mayne (1928) and others have 
confirmed the observation of Bentley (1911) that the optimum conditions for 
mosquito transmission occurred when, in association with high atmospheric 
temperature, the mean relative humidity was in the vicinity of 80 per cent. 

Gill (1928), as the result of the study of an epidemic in the year 1921 
from before its onset until after its termination, showed that the epidemic 
started suddenly at a time when the spleen-rate and the parasite-rate were 
extremely low, that the epidemic wave was associated with a sudden increase 
in the average intensity of infections (infestation index) and was followed by a 
rise, at a slower rate, of the parasite-rate and the spleen-rate, whilst the 
mortality commenced to rise about four weeks after the onset of sickness. He 
showed that both the common species of malaria parasites were concerned 
in the production of the epidemic wave, P. vivax greatly predominating during 
the early stages of the epidemic, and P. falcipannn towards its close. Finally, 
the epidemic was associated with a great numerical increase of A. culicifacies 
and a rise in the infection-rate of this species. 

Covell and Baily (1932), as the result of the study of a malaria epidemic 
in Northern Sind in the year 1929, confirmed the substantial accuracy of 
the above observations, and agreed with Gill that an epidemic of malaria was 
essentially caused by a sudden increase of the infection quantum at a time when 
communal immunity is absolutely and relatively low. In regard to the mechanism 
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of epidemic causation Gill (1928) stated “ that it is not permissible to conclude 
that an epidemic is solely associated with the occurrence of a quantitative change 
in these factors " but he held “ that amongst the concurrent, concomitant, and 
consequential phenomena associated with an epidemic of malaria changes of a 
quantitative order constitute a conspicuous feature.” (The italics are in the 
original.) 

This cautious attitude towards definitive conclusions was enjoined by three 
special considerations. In the first place no adequate e.xplanation was forth- 
coming of the occurrence of a sudden and widespread outbreak of sickness at 
a time when the parasite-rate was extremely low (5 per cent.) and when gameto- 
cytes could scarcely be detected by ordinary methods of examination in the 
peripheral blood. In this connection Gill remarked (1928) ” if it could be 
shown that some atmospheric state was capable of inducing a sudden increase 
in the number of se.xual parasites in the peripheral blood of human carriers 
during the pre-epidemic period, all difficulties would disappear, but so far it 
has not been possible to verify the accuracy of this surmise.” Secondly, in 
view of the essential part played by excessive monsoon rainfall in determining 
epidemics of malaria in the Punjab, it was necessary to account for the fact that 
in Bombay, Madras, Bengal, and Assam an even larger excess of monsoon rainfall 
does not apparently favour the occurrence of an epidemic, and to explain the 
still more puzzling fact that in many parts of these provinces (and also in certain 
other tropical countries) epidemics of malaria were reported to occur in association 
with deficient monsoon rainfall. Finally, in view of the important influence 
attributed to an unstable climate in determining long periods during which 
the transmission of infection is in abeyance followed by short periods during 
which the environment is highly favourable to transmission, it was necessary 
to account for the fact that the greatest malaria epidemic on record occurred 
in a small tropical island (Mauritius) where the temperature and humidity 
conditions are normally favourable to transmission throughout the year. 

Pending investigations which would permit of the removal of these difficulties 
it was clear that only tentative conclusions were permissible, and the verdict of 
SchUffner (1931) that the cause of these epidemics was still obscure was fully 
justified ; but great epidemics of malaria are of rare occurrence, more especially 
in the tropics, and until the outbreak of the recent epidemic in Ceylon no 
opportunity has presented itself of investigating a major epidemic of malaria in 
the tropics. 


3. — The Malaria Epidemic in Ceylon. 

(a) the terrain. 

Topography and Physiography. 

The island of Cejdon, which has an area of 25,332 square miles, is situated 
to the south of the Indian peninsula between 5° 5' and 9° 50' north latitude. 
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It is pear-shaped ; its greatest length is 270 miles and its greatest breadth is 
about half its maximum length. (Fig. 1.) 

The main topographical feature is the central mountain system with 
peaks rising to between 7,000 and 8,000 feet above sea-level. Surrounding the 
central massif is the sub-montane tract at an elevation of 1,000 to 2,000 feet, 
with higher peaks, representing outliers of the main system, rising to 3,000 feet. 
Between the sub-montane tract and the sea is an undulating plain, thickly clothed 
with forest and jungle, which slopes gradually to the sea. 

The island is well watered, but the rivers, which radiate in all directions 
from the central massif to the sea, arc nearly all small and become dry during 
rainless periods, except near their mouths. 

The longest river is the Mahaweli Ganga, which, rising near Kandy on 
the west side of the mountain range, flows north-cast to enter the sea at 
Trincomalce. A special importance attaches to this river and to the four rivers 
flowing due west from the mountain tract to the sea, owing to the fact that they 
were thought to have played a fundamental part in the causation of the epidemic. 
These rivers, from north to south, arc the Deduru Oya, Maha Oya, Kelani 
Ganga, and Kalu Ganga, which enter the sea at Chilaw, Negombo, Colombo, 
and Kalutara, respectively. These rivers usually contain water throughout 
the greater part of their course, but they also become dry during a severe 
drought, when innumerable shallow sheets of water with sandy bottoms and 
rocky pools, which arc favourite breeding places of A. culirifacics, arc left in their 
exposed beds. 

CItviatc. 

The climate of Ceylon, as would be expected of a small tropical island 
situated less than 10° from the equator, is extremely equable as well as hot. 
Excluding the mountain tract, which mostly lies outside the malaria zone, 
the mean monthly temperature is of the order of 80° F. The diurnal range 
rarely exceeds 15° F. and the minimum temperature docs not often fall below 
65° F. So far as the low country is concerned, the atmospheric temperature is 
therefore favourable almost everywhere and at all times of the year to the 
metabolic activity of anophelines and to the completion of the exogenous cycle 
of the malaria parasite. 

The mean monthly relative humidity in the plains is characterized by its 
relative constancy at a high level throughout the year. 

In the extreme south-west (Galle) the mean monthly humidity (as measured 
at 9.30 a.m. and 3.30 p.m.) ranges between a minimum of 74 per cent, in April 
and a maximum of 84 per cent, during the south-west monsoon (June to 
September), whilst in Colombo and other districts along the west coast the 
relative humidity ranges between 68 and 78 per cent. In the districts bordering 
on the east coast and in the south-east of the island the range is greater, the 
mean relative humidity at Trincomalce varying between 59 per cent, in July 
and 79 per cent, in December, whilst in the central districts, which include 



those severely affected by the epidemic, the mean monthly relative humidity 
varies between 60 and 70 per cent. Owing to their proximity to the sea, the 
severe drought during the months of July to September, 1934, exercised little 
effect upon atmospheric humidity in the coastal districts, the relativ^e humidity in 
September, at the height of the drought, being only 1 per cent, below normal 
in Colombo, Jaffna, and Trincomalee, and 2 per cent, in Galle, but in the central 
districts the drop in relative humidity was greater, being, in September, 13 per 
cent, in Kurunegala, 10 per cent, in Kandy, 7 per cent, in Anuradhapura and 
4 per cent, in Ratnapura. 

The most remarkable feature of the climate of Ceylon is the variable 
■ distribution of the rainfall in time and space, which is mainly due to the influence 
of the central mountain system upon the south-west and north-east monsoon 
currents. The south-west monsoon current, striking the west side of the mountain 
range, gives heavy rainfall during the months of June to September in the 
south-west quadrant of the island. The north-east monsoon rainfall (October 
to February) is not only less heavy, but is more evenly distributed throughout the 
island. It thus comes about that the south-west quadrant receives rainfall 
during both monsoons — mean rainfall 75 to 200 inches — and it is in consequence 
known as the Wet Zone, whilst the rest of the island (low-lands) receives rainfall 
only during the north-east monsoon (average annual rainfall 25 to 50 inches), 
and it is known as the Dry Zone. In the Wet Zone there is normally an appre- 
ciable rainfall every month of the year whilst in the Dry Zone there is usually 
a prolonged drought from May to October. 

Population. 

The population of the island in 1931 was 5-3 millions, which represents 
the increase of 17-9 per cent, during the decade 1921-1930. The mean 
density of the population is 208 per square mile, but it varies greatly, the density 
being greatest in the south-west quadrant and in the Jaffna peninsula. Most 
of the population is concentrated in the south-west quadrant, and it is in this 
area that the tea, rubber and coconut estates, upon which its prosperity largely 
depends, are mainly situated. 

Figure 2 shows the relative salubrity of the twenty-one districts of the 
island, as measured by the mean natural increase of the population over a period 
of 30 years (1901-1930). The districts vary so greatly in salubrity that the 
island can readily be divided into three health zones in accordance with the excess 
of births over deaths. The details in respect of these three zones are as follows : — 



Area. 

Popula- 

tion. 

Birth- 

rate. 

Death- 

rate. 

Infantile 

Mortality- 

rate. 

Natural 

Increase. 

Population 
Under 4 Years 
per 1,000. 

Zone A 

Per cent. 
24 

Per cent. 
09 

39 -.3 

25-3 

104 

4- 13-8 

148 

Zone B 

48 

27 

42-.-, 

33-7 

233 

-j- 0-8' 

131 

Zone C 

28 

4 

37-2 

4] -6 

338 

— 4-4 

113 
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Fig. 3 (p. 435) shows the incidence of endemic malaria, as determined 
by .Mr. H. F. Carter, Medical Entomologist, in 1922 and 1923. It will be 
seen that the zonal distribution of the spleen-rate bears a striking relation 
to the health zones. Thus, in the south-west quadrant of the island, and in the 
Jaffna peninsula, the spleen-rate is almost everywhere e.xtremely low (0-5 per 
cent.). Other noteworthy features are the narrow belt in the sub-montane tract 
with the spleen-rate of 10-20 per cent., the broader belt with the spleen-rate 
of 20-40 per cent., the northern boundary of which corresponds closely with 
the northern limit of the Wet Zone, and the extensive area in the northern 
half of the island, and in the south-east quadrant, with a spleen-rate of 40-80 
per cent, or more. 

It is not open to doubt that the main cause of the e.xtreme insalubrity of 
Zone C (and to a less extent of Zone B) is the high incidence of endemic malaria, 
and to this disease must be attributed, in very large measure, the relatively and 
absolutely high death-rate and infantile mortality-rate, the relatively small 
proportion of young children, and the decline of population in Zone C. 

(b) general review oe the epidemic. 

(1) Spatial Distribution. 

The distribution of the epidemic, as judged by mortality during the months 
of November, 1934, to March, 1935, is shown in Fig. 4. The shading depicts 
its intensity, as measured by the “ epidemic figures ” of registration circles, 
which represent the number of times the mortality exceeded the normal during 
the above period. It will be seen that the epidemic exhibited the focal character 
described by Christophers. The central nucleus comprised five adjoining 
registration circles in three districts with “ epidemic figures ” of between 7 and 
12. It is surrounded by a larger area containing ten registration circles with 
“ epidemic figures ” of 4 to 7, which, in turn, is encircled by a larger area 
extending broadly to the north, and in a tongue-like projection towards the south, 
with “ epidemic figures ” of 2 to 4. It will be ‘observed that the configuration 
of the main epidemic area is not in strict conformity with a distribution based 
upon the five rivers. It will also be noted that the epidemic area bears a rough 
relationship to the area with a moderate spleen-rate. 

The morbidity associated with the epidemic, as measured by hospital 
attendances, followed generally the distribution of mortality, and it may be 
said that, although intense epidemic conditions were confined to a restricted 
area — the main epidemic area — scarcely any portion of the island failed to show 
some increase of morbidity and mortality during the epidemic. 

The onset of the epidemic was heralded by a slight increase of hospital 
attendances late in September and early in October at a few dispensaries on the 
banks of the Maha Oya, but the sudden sharp rise which marked the onset 
of the epidemic commenced in the last week of October in the north of the 
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Fig. 5 (p, 446-44S). 


The chart displays the following features : — 

(1) The onset of the epidemic about one month earlier in the north of the epidemic 
area than in the south. The only exception is the district of Kandy, which, however, 
is not in the plains but in the sub-mountain tract. 

(2) In spite of the varying intensity of the epidemic, the epidemic wave (morbidity) 
e.xhibited everywhere, although in a blurred form, four peaks, the second being the largest. 

(3) The magnitude of the second wave — the first wave of new infections — was every- 
where roughly proportionate to the magnitude of the first wave. 

(4) The commencement of the second wave in April, 1935, about 24 weeks after the 
commencement of the first wave in November, 1934. 

(5) The varying intensity of the epidemic is indicated by the epidemic figures (E.F.) 
of the eight districts as follows : — Kurunegala, 5-7 ; Kegalle, 5-0 ; Matale, 4-4 ; Colombo, 
1-7 ; Ramapura, 2-2 ; Kandy, 2-9 ; Kalutara, 1-2 ; and Chilaw, 2-9. 
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epidemic area, and somewhat later, as shown in Fig. 5, in the south of the 
epidemic area, in which it did not commence until early in December. 

The mortality associated with the epidemic e.xhibited no abnormal features 
in respect of age incidence, and it will suffice to remark that during the acute stage 
of the epidemic infants and young children were mainly involved, whilst towards 
the decline of the epidemic the mortality was almost exclusively confined to 
the 40-60 age-group and to persons over 60 years of age. 

(2) Cyclical Periodicity. 

Curves representing the death-rate, birth-rate and infantile mortality-rate 
during the period 1901-1930 are shown in Fig. 6. • It will be observed that 
a period of 4 years of exceptionally good health preceded the outbreak of the 
epidemic. This circumstance was associated with a low incidence of endemic 
malaria and the absence of any epidemic. It may be presumed therefore 
that in October, 1934, the spleen-rate was probably ev'erywhere lower than 
normal, and that the proportion of children per thousand of population was 
somewhat higher than usual. 

Figure (>. 


VITAL STATlSiCS CEYLOM 1901 -’54 



YEARS 

The chart also shows the occurrence periodically of a conspicuous rise of 
the curves representing the death-rate and the infantile mortality-rate, together 
with an equally conspicuous fall of the birth-rate in the year following each sharp 
rise of the death-rate. This combination of circumstances is characteristic of- 
regional epidemics of malaria, and, as the contemporary records show that 
malaria was widely prevalent in these years, it may confidently be stated that. 
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except in the year 1918 (when influenza was pandemi^ and possibly 1919, the high 
death-rate in the years 1906, 1911, 1914, 1919(?), 1923, and 1928 was mainly 
caused by malaria in epidemic form. During the period 1901-1930 malaria 
epidemics therefore occurred in Ceylon at intervals of approximately 5 years, 
and on this basis another epidemic might be regarded as due about the j^ear 1934. 

(3) Seasonal Periodicity. 

In most countries there is only one malaria season, and malaria epidemics, 
when they occur, invariably take place at that period of the year recognized to 
be the “ malaria season.” An analysis of the mean monthly incidence of 
mortality in each of the twenty-one districts during the period 1901-1930 shows 
that in the Wet Zone of Ceylon there are two malaria seasons each year, one in the 
summer and the other in the winter, whilst in the Dry Zone there is only one 
malaria season. In other words, where there are two rainj’^ seasons there 
are two malaria seasons, and where there is only one rainy season there is only 
one malaria season. This fact is illustrated in Fig. 7, which shows, in respect 
of one representative district in the Dry and Wet Zones respectively, the malaria 
season of each zone, and its close relation to the rainy season. As the epidemic 
wave is an exaggeration of the normal seasonal wave it would be expected 
that epidemics would occur in the Wet Zone both in the summer and in 
the winter, and that in the Dry Zone epidemics would occur in the winter 
alone. This expectation is fulfilled. It will be seen from Figs. 8 and 9 that the 
epidemics in the years 1906 and 1911 exhibit well-marked waves in the summer 
and winter, and it will also be noted that the first wave occurred in the summer. 
On the other hand, in the case of the epidemic in 1934 (Fig. 10), the first wave 
commenced in the winter. These were Wet Zone epidemics and there has been 
no great epidemic in the Dry Zone during the period under review, but the 
annual epidemy in this zone is usually so marked as almost to constitute an 
annual epidemic. The seasonal wave of malaria and the seasonal periodicity 
of epidemics in Ceylon present therefore some unusual features. 

(4) Relation to Drought and Rainfall. 

Just as it was generally recognized in the Punjab long before it was proved 
to be a fact by Christophers that malaria epidemics in Northern India were 
determined by excessive monsoon rainfall, so in Ceylon it has long been known 
to medical men and laymen alike that a wet year in the Wet Zone is a healthy 
year, and that in this zone a failure of the monsoon is almost invariably followed 
by an unusual prevalence of malaria. In order to determine with precision the 
nature of this relationship a statistical anal)’sis was undertaken of factors represent- 
ing ‘‘ rainfall ” and “ malaria ” in eight representative districts of the island over 
a period of 34 years (1901-1934). The result of this analysis permits of the 
inference that in the Wet Zone a deficiency of rainfall in the spring is favourable 
to the occurrence of a summer epidemic, and that a dcficienc}’^ of rainfall during 
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July, August and September (south-west monsoon) is favourable to the occur- 
rence of a winter epidemic. On the other hand in the Dry Zone, as represented 
by Trincomalee, excessive rainfall during the winter is favourable to the 
occurrence of a winter epidemic. The malaria epidemic of 1934-1935 was a Wet 
Zone epidemic associated with the greatest drought on record during the months 
of July to September. The drought ceased early in October, but, although the 
rainfall of October was heavy (11-3 inches at Kurunegala), it was nearly every- 
where below normal in the epidemic area (-4-5 inches at Kurunegala), and it 
remained below normal for several months thereafter. 

Fig. S. Fig. 9. 

Malaria Epidemic Malaria Epidemic 

1906 ISII 



The curves in Fi gs. S, 9 and 10 show the total deaths in Ceylon by months during the 

period indicated. 


B 
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(5) Relation to Anop}wI{?ies. 

The anopheline fauna of Ceylon and the relation of each species to malaria 
has formed the subject of close study by Mr. H. F. Carter, Medical Entomologist, 
during the past 12 years. He has shown that, although other carrier species 
occur in Ceylon, only one species, A. ciiHcifacies, is of any importance so far as 

Fig. 10.' ' 

K4A1.AD1A KPI DF.MIC 
1954 - 1955 
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malaria is concerned. He regards A. ciilicifacies as essentially a Dry Zone species, 
since it is widely prevalent in the north, east, and south-east of the island, and 
in the sub-montane tract at elevations below about 2,000 feet. In the Wet Zone, 
however, this species appears to be much less prevalent, whilst in the area 
intermediate between the Dry and Wet Zones its prevalence is variable from 
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year to year, being unusually abundant in the north of the Wet Zone in years 
of drought. This feature was particularly conspicuous during the recent 
epidemic, when A. ciilicifadcs was extremely prevalent much to the south of its 
normal habitat, more particularly in the neighbourhood of the rivers Deduru 
Ova, Maha Oya, Kelani Ganga, Kalu Oya, and in the upper reaches of the 
Mahaweli Ganga. No obsen'ations appear to have been made in the river 
beds during the drought, but in the month of November, 1934, and throughout 
the epidemic, A. ailicifacies was extremelj' prevalent throughout the catchments 
of these rivers, and one of its favourite breeding places was the pools and 
the sheets of water in the beds of these rivers and their main branches. 
This fact led many to conclude that the abnormal prevalence of this species 
in the epidemic area was the main cause of the recent epidemic, more especially 
as it showed an extremely high infection-rate (12-9 per cent, in December, 1934) 
during the epidemic. 

(6) Relation to Malaria Parasites. 

The observations made during the course of the epidemic suggested that 
the benign tertian parasite played a predominant part during the early stages 
of the epidemic, but gave place to the malignant tertian parasite towards its 
close. These observations are in general conformity with Indian experience, 
except that a relatively larger share would appear to have been taken in Ceylon 
by the benign tertian parasite at all stages of the epidemic. 

No observations were made in regard to the frequency and intensity of 
infections during the acute stage of the epidemic, and no remarks can be made 
on this subject. 


4. — The Mechanism of the Epidemic Wave. 

(a) the primary wave. 

The difficulty of accounting for the sudden and widespread outbreak of 
sickness in association with malaria epidemics at a time when the spleen-rate 
is extremely low and when malaria parasites, more particularly gametocytes, can 
scarcely be detected in the peripheral blood, even in thick films, pointed to the 
necessity of investigating closely the happenings during the early stage of the 
epidemic. 

As the first step in this direction it was necessary to determine, as precisely 
as possible, the date of onset of the epidemic, and with this object in 
view the attendance registers of a large number of hospitals throughout the 
epidemic area were scrutinised and analysed. These observations brought to 
light the fact that not only was the onset of the epidemic remarkably abrupt 
but that it could often be fi.xed to a day. Thus, at the Civil Hospital, Kurune- 
gala, the daily average number of attendances, which had fluctuated between 
130 and 150 per diem for several months before the epidemic, was more than 
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doubled on 29th October, 1934, with the result that the total attendances, which 
in the week ending 27th October were 1,305, numbered 2,763 at the end of the 
following week. The actual figures, in respect of malaria cases only, for the last 
8 days of October were as follows : — 


October 24th 74 

„ 25th 80 

„ 26th 112 

„ 27th 121 


October 28th 106 

„ 29th 306 

„ 30th 262 

„ 31st 310 


The figures for total attendances at other hospitals and dispensaries in 
the epidemic area showed similar features, although, as shown in Fig. 5, the 
epidemic commenced about one month earlier in the north than in the south 
of the epidemic area. The onset of the epidemic was therefore even more 
abrupt than would be gleaned from a scrutiny of the weekly returns, unless the 
day of the onset of the epidemic happened to coincide with the first day of the 
week. 

For the purpose of the study of the epidemic wave it was decided to confine 
attention to a single locality, and Kurunegala town, population 10,500, was 
selected for this purpose, partly because it was the most severely affected large 
town in the island, and partly because exceptionally complete statistical data 
were obtainable. It should be explained that no burial can take place in this 
town until the death has been registered, and all deaths are consequently 
registered with extreme promptitude. In order, however, to ensure absolute 
accuracy in respect of the date of death — a matter of some importance — 
every death that occurred during the nine months from September, 1934, 
to May, 1935, has been relegated to the week in which it actually occurred, 
as opposed to the week in which it was registered. The total number of 
deaths each week during the months of September, 1934, to May, 1935, 
together with the deaths under 10 years and over 10 3'ears of age respectively, 
are shown on Fig. 11, in which the weekly total attendances at the Civil 
Hospital, Kurunegala, are also depicted in the form of a curve. 


The Morbidity Wave. 

The curve representing morbidity shows a primary wave lasting from 
November to February and a second wave commencing in the middle of April. 
The primary wave, it will be seen, has four peaks, of which the second is much 
the most conspicuous. The first peak occurs in the week ending 10th November, 
the second in the week ending 8th December, the third in the week ending 
12th January, and the fourth in the week ending 2nd February, in other words 
there are four waves, the first three at intervals of approximately one month. 

That these features are not peculiar to the epidemic at Kurunegala, but are 
characteristic of the whole epidemic is suggested by the fact that they are 
apparent, although in a blurred form, in the curves of the whole epidemic 
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depicted in Fig. 5. These four waves are also present in the charts prepared 
by Christophers, Gill, and Covell in respect of malaria epidemics in India. 
They are discernible, for e.xample, 'in Fig. 12, which has been prepared 
from data given by Covell and Baily (1932) in respect of the malaria epidemic 
in Northern Sind in the year 1929. 

It therefore seems permissible to conclude that the primary wave of 

Fig. 11. 
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morbidity associated with malaria epidemics is characterized by four waves, 
the second of which is the largest, at intervals of approximately 4 weeks. 

The Mortality Wave. 

The curve representing total mortality differs from the morbidity curve 
both in general configuration and in the number of peaks. It will be seen 

Fig. 12. 

UhlhmiK EPIDEMIC. N SIMP INDIA. 1999 



that there are only three peaks of mortality at intervals of about 4 weeks, so that 
the primary wave of the epidemic comprises four subsidiary waves of morbidity 
at intervals of about 4 weeks and three subsidiary waves of mortality at the same 
intervals. 

The most striking difference between the curves representing morbidity 
and mortality is the abrupt rise of the morbidity wave and the more gradual 
rise of the mortality wave, so that the latter does not reach its acme until about 
10 weeks after the onset of the epidemic. 

The curve representing total mortality shows a small rise in the third 
week of the epidemic and rises slowly thereafter until the 7th week when a sharp 
rise occurs. It will be seen that this sharp rise is mainly due to mortality in 
the 0-10 age-group, but the most striking feature exhibited by the mortality 
statistics is the absence of any appreciable increase of mortality amongst infants 
and children until the 7th week of the epidemic. 

The morbidity and mortality curves in the Sind epidemic (Fig. 12) exhibit 
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almost precisely similar features, and it therefore seems permissible to infer 
that the form and character of the waves of morbidity and mortality during the 
malaria epidemic at Kurunegala are typical of all malaria epidemics. 

It is now proposed to consider the interpretation to be placed upon these 
facts. 

The long lag — about 6 weeks — between the onset of the epidemic, as 
determined by the first sharp rise of morbidity, and the first rise of mortality 
in the 0-10 age-group, would appear to imply either that no new infections 
occurred amongst children during the early stages of the epidemic, or that the 
infections were so mild at this period as not to cause death for a period of nearly 
6 weeks. 

In the latter case it would be expected that some of the children at least 
would have been sufficiently ill to have attended hospital, and that, in con- 
sequence, there would have been an appreciable increase in the percentage 
of children amongst the patients attending hospital for malaria immediately after 
the onset of the epidemic. 

The attendances for malaria at a number of hospitals and dispensaries 
were accordingly examined by age-periods for short periods before and after 
the onset of the epidemic. The result of making these calculations is illustrated 
in Table 1. 

It will be seen that no appreciable change occurred in the age-distribution 
of the malaria cases in association with the onset of the epidemic ; in fact, at 
the Civil Hospital, Kurunegala, the outbreak of the epidemic was followed 
by a small but appreciable decrease in the proportion of the patients belonging 
to the 0-4 age-group and a corresponding increase in the 21-40 age-group. 

It must therefore be concluded that the children, if sick, were either not 
sufficiently ill to attend hospital or were too ill to do so. The latter is an untenable 
proposition, since some at least would have died, whilst it has been shown that 

T.'vble I. 

ANALYSIS BY AGE-PERIODS OF PATIENTS ATTENDING HOSPITAL FOR MALARIA SHORTLY 
BEFORE AND AFTER THE ONSET OF THE EPIDEMIC. 


Age 

Period. 

Alawwa Dispensary. 

Polgahawela Dispensary. 

Kurunega 

a Hospital. 

Before Onset 

After Onset 

Before Onset 

After Onset 

Before Onset 

After Onset 


(14-21 Sept.). 

(21-28 Sept.). 

(9-13 Oct.). 

(14-18 Oct.). 

(22-25 Oct.). 

(29-31 Oct.). 

0- 4 

27-5 

26-4 

34-5 

31-9 

24-4 

19-7 

5-10 

23-0 

17-6 

16-2 

18-3 

20-0 

20-4 

11-20 

21-2 

21-2 

16-2 

18-7 

19-0 

20-0 

21-40 

21-0 

24-0 

26-3 

23-8 

27-4 

31-4 

41-60 

6-2 ■ 

8-9 

0’5 

5-8 

7-6 

7-1 

60 + 

1-0 

1-8 

1-2 

1-2 

1-4 

1-3 

Total 

240 

■1 

365 

495 

273 

874 
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no increase in the number of deaths of children under 10 years of age occurred 
during the first 5 weeks of the epidemic. Alternatively, the children were ill, 
but, although not treated, did not die for about 6 weeks. The adoption of this 
hypothesis is difficult, since it is well known that children usually succumb 
rapidly to primary attacks of malaria, more especially during epidemics, but to 
verify this point an analysis was undertaken of the case-sheets of all the fatal cases 
of uncomplicated malaria (113 in number) in children under 5 years of age, who 
were treated in 35 hospitals, mainly in the epidemic area, during the months of 
November and December, 1934. It was found that the average duration 
of the fatal illness (including the period spent in hospital) was S days, or 6 days 
in the case of 49 children (43 per cent, of the total) admitted with convulsions 
or cerebral malaria. These patients had the benefit of skilled treatment and 
nursing, and it seems probable therefore that the average duration of the fatal 
illness in untreated cases of acute malaria in children under 5 years of age during 
the early stages of the epidemic would not exceed one week. 

In these circumstances the conclusion is inevitable that the children must 
have escaped infection almost completely during the first 4 weeks of the epidemic, 
and, if this be so, it is difficult to believe that the morbidity amongst adults during 
this period could have been mainly caused by new infections, since it would 
imply that infected anophelines had selected adults alone for attack. 

Furthermore, to permit of an outbreak of sickness due to new infections 
over a wide area at the end of October, it would be necessary to assume that a 
large number of anophelines had become infected from such human carriers as 
existed during a period of good health, and had thereafter dispersed, and, in 
due course, infected a large number of persons (excluding children) about the same 
time, who, after an identical incubation period, commenced to fall ill together. 

This sequence of events is too improbable to call for serious consideration, 
and it is therefore held that the sickness during the first month of the epidemic 
was mainly due to an “ epidemic of relapses ” amongst apparently healthy 
human carriers. 

On this basis the happenings during the epidemic wave can readily be 
interpreted. The absence of a marked change in the age-distribution of the 
patients at the outbreak of the epidemic would appear to indicate that the 
relapses were a reflection of the pre-existing proportion of human carriers in 
each age-group. Again, if the first morbidity wave was due to relapses, the first 
crop of new infections — the second morbidity wave — would be expected about 
1 month later, allowing 10 days for the appearance of mature gametoc 3 'tes in 
the peripheral blood, 10 days for the mosquito-cycle, and 10 days as the 
incubation period in man. Similarly, a third wave and a fourth wave would 
be expected to occur, successively, at intervals at about 1 month, but the removal 
by death of the most susceptible and the rising immunity of the community 
would tend to reduce the magnitude of each successive wave, so that the first 
wave of new infections — the second morbidity wave — would be the highest. 
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Then again, if the first morbidity wave was due to relapses, the absence 
of any appreciable mortality amongst children during the first 4 weeks of the 
epidemic can readily be understood. On this view the association of three 
waves of mortality with four waves of morbidity is due to the absence of a 
mortality wave in association with the first morbidity wave. 

The first sharp rise in mortalit}’’ in the 7th week of the epidemic, which is 
largely due to deaths amongst children, would thus be associated with new 
infections contracted in the 5th and 6th weeks, this time interval being in accord- 
ance with expectations based upon the analysis of the hospital statistics, an illness 
of I week’s duration, on an average, being allowed in the case of children, and 2 
weeks in the case of adults. 

In the light of this interpretation, the mortality wave which reached its acme 
in the middle of January would reflect new infections contracted during the 
month of December^ whilst the second mortality wave in February and the 
third mortalitj'^ wave in March would reflect the mortality associated with 
the third and fourth morbidity waves in January and February respectively. 

No observations were made upon the behaviour of the parasite and 
the spleen during the epidemic, but Covell and Baily (1932) found 
that a marked rise in the number and intensity of infections occurred 
during the 13th week (corresponding to the third morbidity wave) of the epidemic 
in Northern Sind, which they attributed to the early relapse of malignant tertian 
infections. They also regarded these relapses as responsible for a change in the 
frequency-distribution of enlarged spleens, whereby a uni-modal distribution 
in the 7th week of the epidemic became bi-modal in the 13th week. 

These observations are, however, susceptible of an alternative interpreta- 
tion ; for, in accordance with Christophers’ (1924) “ theory of the spleen- 
rate,” one crop of new infections (one splen) would give rise in a community of 
non-immune children to a uni-modal frequency-distribution of enlarged 
spleens, since, in accordance with the law of probability, the infections would not 
be evenly distributed, some children receiving 0, 1,2, 3, etc., splem respectively. 
If, however, one month later another crop of new infections be superimposed 
on this community, the result would be the replacement of the uni-modal by a 
bi-modal frequency-distribution of enlarged spleens. 

The changes observed by Covell and Baily in the number and intensity 
of infections and in the frequency- distribution of enlarged spleens during the 
acute stage of the epidemic in Sind are therefore in accordance with what would 
be expected on the basis of the present interpretation of the happenings during 
the epidemic wave. 

In the light of the assumption that the first morbidity wave was caused 
by relapses, the form of the morbidity and mortality wave, the association of 
four subsidiary waves of morbidity Avith three waves of mortality, and the 
apparent lag of the mortality wave become readily explicable, but the most 
striking feature of this interpretation is that it solves the difficulty associated 
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with the sudden and widespread outbreak of malaria epidemics at a time 
when there is a great scarcity of gametocytes in the peripheral blood of human 
carriers. 

To account for this anomaly, Macdonald and M.ajid (1931) suggested that, 
if the period of transmission were sufficiently prolonged, a large gametocyte 
population would eventually be created by a process of geometrical progression ; 
and this view was adopted by Covell and Baily (1932), who remarked that, 
if it be assumed that one crescent carrier can give rise to ten crescent carriers 
after the lapse of one month, an increase in the number of crescent carriers 
from 5 per cent, in the 5th week of the epidemic to 50 per cent, in the 9th week 
would be possible. This explanation, however, fails to account for the events 
during the first week of the epidemic, and a slow geometrical increase in the 
number of carriers is not capable of accounting for the sudden and widespread 
outbreak of sickness during the first week. 

(b) the second w.ave. 

The first wave was succeeded by a second wave in April, shortly after my 
arrival in Cejdon. At this time I assumed, in accordance with Indian experience, 
that there would be no second wave, but this assumption proved to be wrong, 
and the prediction of S. P. James (1935) that a second wave would occur in the 
spring was borne out by the event. 

The second wave affected the whole epidemic area, as is shown in Fig. 5, 
and it will be seen that, although of smaller magnitude than the first wave, it 
exhibited generally the same relative intensity in different parts of the epidemic 
area as the first wave. The second wave in Kurunegala town [vide Fig. 11) 
commenced in the middle of April or about 24 weeks after the initial explosion. 
I was touring in the epidemic area at this time and I was consequently able to 
investigate the circumstances attending its onset. It was found that the morbidity 
wave commenced almost as abruptly and was almost as marked as the primary 
wave ; thus, the attendances at five hospitals visited on 20th April, 1935, were 
as shown in Table II. 

Table II. 

Total Attexd.axces. IOth-IOth .A.pril. 


Locality. 

10th. 

11th. 

12th. 

13th. 

14th.* 

1.7th. 

16th. 

I7th. 

ISth. 

19th. 

Matale 

178 

192 

191 

113 



195 

237 

319 

277 

328 

Teldeniya 

204 

177 

201 

130 

27 

156 

181 

248 

233 

237 

Kandy 

49 

63 

42 

49 

28 

101 

89 

109 

92 

107 

Garapola 

274 

316 

333 

29o 

62 

424 

390 

380 

274 

261 

Nawalapitiya 

3G0 

, 3o4 

i 

279 

377 

108 

464 

398 

477 

470 

404 


* Buddhist New Year. 
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It is tiius clear that the onset of the second wave in the area served by 
these five hospitals took place on 15th April, 1935. Many opinions were held in 
regard to its cause. Some medical officers in charge of hospitals attributed it 
to the normal seasonal wave due in this area in April, others considered it to 
represent relapses, whilst others thought that it was due in part to new infections 
associated with recent rainfall or with a preceding period of drought, but 
nearly all agreed that no appreciable change in clinical characters occurred 
in association with the onset of the wave, and many stressed the difficulty of 
distinguishing fresh infections from relapses owing to the fact that many of the 
patients gave a history of repeated attacks of fever during the preceding 5 months. 

House to house visits made in villages brought to light the fact that, although 
many adults were sick, there were few serious cases amongst either adults or 
children, and there had been no recent increase of deaths. Relatively few 
children suffering from fever were seen, although the spleen-rate of groups of 
children was as high as 98 per cent. The conclusion reached and recorded at 
the time was that probably most of the patients were suffering from relapses, 
but that an appreciable number of new infections were occurring in the vicinity of 
Gampola and Nawalapitiya. Later, when it became known that the morbidity 
wave was associated with an appreciable rise of the infection- rate oi A. ciilici facies, 
and was followed by a wave of enhanced mortality, it was realized that the wave 
was a true second wave, and it is now regarded as an exact replica on a smaller 
scale of the primary wave, and as being initiated, like the first wave, by a wave 
of relapses. The resemblance is even closer than the chart shows since the 
morbidity wave in April was followed by a second wave in June, each wave 
being associated, at an interval of about 2 weeks, by a small wave of enhanced 
mortalit 5 L The main difference between the primary and second wave is that 
an interval of about 6 weeks elapsed between the first rise of morbidity and the 
first appreciable rise of mortality in November, 1934, whilst in April, 
1935, the interA^al was only about 2 weeks ; but this is in accordance with 
expectations, since there was a widespread human reservoir of infection in April, 
1935, but not in October, 1934. 

5. — The Nature and Significance of the Epidemic Potential. 

The study of the epidemic wave has been the means of bringing to light 
much evidence pointing to the conclusion that two factors of an entirely 
different order are concerned in the production of the epidemic wave. 

The first in order of importance, as well as in precedence, is concerned with 
a change in the relationship of the malaria parasite and the human host, whereby, 
at the commencement of an epidemic, an “ epidemic of relapses ” is precipitated 
amongst human carriers. 

Whatever the nature of this factor may be it clearly has nothing to do 
with the immediate presence of anopheline mosquitoes or with the abundance 
of their breeding places. It is furthermore clear that this factor plays a part 
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of fundamental importance in the mechanism of the epidemic. It thus deter- 
mines the magnitude of the initial explosion, which, in turn, is largely responsible 
for the magnitude of the successive waves. 

The second factor in the production of the epidemic wave is concerned 
with the quantitative relationship existing between “ infection ” and “ immu- 
nity”; in other words, it is concerned with the number of anophelines capable of 
transmitting infection and the number of non-immunes capable of being infected. 

The magnitude of an epidemic, it may be presumed, will depend upon the 
occurrence in favourable conjunction of both these factors, and it is reasonable 
to suppose that, if the environmental conditions are not favourable to trans- 
mission, the two factors may be dissociated, and an epidemic of relapses will then 
not be followed by a wave of new infections. It is possible that the “ spring 
rise ” of malaria in Northern India, and the infections which occur in Europe 
in the spring, known as “ delayed primary infections ” and “ recurrences,” 
may be explained on these lines. 

But whether this surmise be correct or not, it is obviously a matter of 
extreme importance to determine the cause of the “ epidemic of relapses,” 
which it seems probable is “ the unknown influence,” “ the epidemic influence,” 
and “ the epidemic potential,” long suspected to be the determining cause 
of epidemics. 

The widespread and almost simultaneous outbreak of malaria epidemics 
and their peculiar focal character suggested to Christophers (1911), the 
intervention of “ some general determining cause,” and it is therefore possible, 
in view of the close association of the rainfall season with the malaria season, 
that a causal relationship may exist between atmospheric humidity and the 
epidemic of relapses that initiates an epidemic. 

It is moreover known, as the result of the study of malaria epidemics in 
Northern India by Gill (1921, 1928), Covell (1932) and others, that malaria 
epidemics are invariably associated with high atmospheric humidity during 
the pre-epidemic period, but it has hitherto been supposed that high atmospheric 
humidity favoured the occurrence of an epidemic by reason of its influence 
upon the longevity and metabolic activity of the insect-carrier, although Gill 
(1928) suggested that possibly atmospheric states might also exercise some 
influence upon the malaria parasite during its intracorporeal phase. 

The Ceylon epidemic was preceded by a sharp rise of relative humidity 
during the pre-epidemic period. This fact is illustrated in Fig. 13, where 
the mean weekly atmospheric humidity, expressed in the form of saturation 
deficiency, is shown for the period of the epidemic. 

It will be seen that a sharp rise of atmospheric humidity occurred 3 weeks 
before the outbreak of the epidemic. It will likewise be seen that the second 
wave in April, 1935, was preceded by another sharp rise of atmospheric 
humidity about 1 month earlier. 

It is conceivable that these sharp rises of atmospheric humidity may have 
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exercised an influence upon the host-parasite relationship whereby an “epidemic 
of relapses ” was precipitated amongst human carriers. It is not possible 
to offer any suggestion regarding the nature of this influence or its mode of 
action, but the malaria parasite e.xhibits a quotidian, tertian, and quartan 
periodicity, which can be called into play by a wide variety of external stimuli, 
and it is conceivable that a sudden change of atmospheric conditions might in 
certain circumstances favour the occurrence of relapses amongst human carriers. 

It is proposed, therefore, as a working hypothesis, to assume that a sharp 
rise of relative humidity during the pre-epidemic period is in some way respon- 

Fig. 13. 
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Note. — (1) For the convenience of charting, the saturation deficiency figures have been .sub- 
tracted from 1 00 in order to convert low figures (high atmospheric h<imidiw) 
into high figures. 

(2) The humidity figures refer to the mean weekly figures for the week beginning 
with the date shown in the chart, whilst the morbidity figures represent the 
figures for the week ending the stated date. 

sible for the occurrence of a qualitative change in the malaria parasite — a change 
in the “ epidemic potential “ — at the commencement of epidemics, but it is 
not suggested that this rise of atmospheric humidity exercises any direct influence 
upon the malaria parasite, since it may only be the reflection of the influence 
of some other factor or factors with which it is closely correlated. 

The only justification for the adoption of this hypothesis is the fact, which 
will now be demonstrated, that it appears to provide a means whereby many 
hitherto obscure features e.vhibited by malaria epidemics can be explained. 

(.A.) SPATIAL DISTRIBUTION. 

As the only available method of measuring the intensity of malaria 
epidemics is the mortalit}^ mainly amongst children, to which they give rise, 
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it follows, Other things being equal, that an epidemic of high intensity can oniv 
occur in an area where the proportion of children (non-immunes) is relatively 
high. 

It likewise follows that there must be an adequate reservoir of infection, 
an abundance of good insect-carriers, and environmental conditions highly 
favourable to the transmission of infection. 

The present hypothesis postulates that, given the above conditions, the 
spatial distribution of the epidemic and its focal character will be determined 
by the magnitude of the epidemic potential, and it is a remarkable and perhaps 
significant fact that the focal distribution of the Ceylon epidemic, as depicted 
in Fig. 4, corresponds closely with the excess over normal of the rise of relative 
humidity in October, 1934, the figures being Kuruncgala, 8 ; Kandy, 6 ; 
Ratnapura, 9 ; Anuradhapufa and Pattalum, 5 ; Trincomalcc, 3 ; Colombo, 
and Galle, 4 ; Mannar, 1 ; and Jaffna, 0. 

In the area of highest intensity — the central nucleus — not only was the 
epidemic potential higher than elsewhere, but the spleen-rate was moderately 
high, but not too high to occasion a low proportion of children or too low to be 
unfavourable to the occurrence of a widespread epidemic of relapses. On the 
other hand, the environmental conditions, in spite of the drought, were highly 
favourable to transmission, whilst the influence of the drought upon the river- 
beds created an environment conducive to the prevalence of the local insect- 
vector, but it is not thought that any special significance attaches to the pre- 
ference of A. culicifacies for breeding in river-beds, since, as will be mentioned 
shortly, drought is associated with epidemics of malaria in tropical countries 
where this species does not occur. 

To the south of the epidemic area — the districts of Galle, Matara, and 
Kalutara — the epidemic potential is normally extremely low (0 at Galle), and 
so also is the spleen-rate (0-5 per cent.), and hence in this area no appreciable 
epidemic would be expected to occur, in spite of the drought and famine, and in 
spite of the high proportion of non-immunes, even in the presence (which is, 
however, doubtful) of a sufficiency of insect-vectors. 

On the other hand, in the hyper-endemic area the intensity of the epidemic 
would not be expected to be high, as measured by mortality, in spite of a high 
epidemic potential, owing to the small proportion of children and relatively hit^h 
communcal immunity. 

The part ascribed to the epidemic potential also enables an explanation 
to be offered of the fact that malaria epidemics show a special liability to recur 
in approximately the same area. 

In the epidemic area in Ceylon the epidemic potential is iioniially low 
and much lower than in the hyper-endemic area, whilst economic conditions 
are ordinarily good. In these circumstances a natural recovery-rate of about 
20 per cent, per annum might be expected— in the epidemic area in the Punjab 
the spleen-rate, which may have been 90 per cent, immediately after an epidemic. 
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returns to normal (about 5 per cent.) in about 5 years — and hence the “ epidemic 
status ” of the community in the epidemic area may be expected to return to 
its pre-epidemic condition in about 5 years. 

On the other hand, in the hyper-endemic area, where the epidemic potential 
is normally high, and where the annual epidemy constitutes almost an annual 
epidemic, and where, moreover, economic stress constantly prevails, the 
natural recovery-rate would be expected to be small, with the result that the 
spleen-rate would become stabilized at a high figure (hyper-endemic malaria), 
and the epidemic status of the community would remain constantly in the 
condition characteristic of the post-epidemic period in an epidemic area. 

(b) drought .and rainfall epidemics. 

postulating that a rise of atmospheric humidity during the pre-epidemic 
period is an essential precursor of an epidemic of malaria it becomes possible 
to explain the paradox associated with the fact that in Northern India e.xcessive 
rainfall is an essential determining cause of malaria epidemics, whilst in Ceylon 
(Wet Zone) these epidemics invariably occur in association with drought. 

In the latter area, as already stated, the atmospheric humidity remains 
relatively constant at a high level throughout the year, with the exception 
of a small rise in June in association with the onset of the south-west monsoon 
and another small rise in October following the onset of the north-east monsoon. 

It thus comes about that a deficiency of rainfall during the first 5 months 
of the year occasions a progressive decline of atmospheric humidity during 
the first 5 months of the year, which is followed, as the result of the onset of the 
south-west monsoon, by a sharp rise of atmospheric humidity in June. This 
sequence of events occurred in the Wet Zone of Ceylon in the years 1906 and 
1911, when a sharp rise of atmospheric humidity in June was followed by the 
well-marked epidemic waves shown in Figs. 8 and 9. 

On the other hand, when the rainfall during the first 5 months of the year 
is excessive, no progressive decline' of atmospheric humidity occurs, and, in 
consequence, the onset of the south-west monsoon is not followed by any 
appreciable rise of atmospheric humidity in June. This sequence of events 
occurred in the year 1934, and is illustrated in Fig. 14 (p. 458), from a scrutiny 
of which it will be seen that the normal summer wave is missing. 

Similarly, a failure of the south-west monsoon in the Wet Zone of Ceylon 
occasions a progressive decline of atmospheric humidity during the months of 
July, August and September, with the result that the rainfall in October, although 
it may be below normal, occasions a large rise of atmospheric humidity. 

This was the sequence of events during the latter half of the year 1934, 
when the prolonged drought during the months of July, August and September 
was followed by an abnormally large rise of atmospheric humidity in October 
{vide Fig. 13) and by the outbreak of the epidemic at the end of the month. 



MA1.AUIA IN CliYLON. 


■ioS 

It is thus clear that in Ceylon (Wet Zone) the main circumstance responsible 
for a large rise of atmospheric humidity in June and October is the preceding 
drought, and hence it is permissible to speak of such epidemics as drought 
epidemics. It is likewise clear that the significant factor is not the percentage 
of atmospheric humidity prevailing during the epidemic but the rise which it 
undergoes during the pre-epidemic period, and on this basis it is possible to 
understand why the greatest drought on record should have been followed by 
the greatest malaria epidemic in the history of Ceylon. Finally, it is possible 

Fig. 14. 
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to e.xplain why the first wave of the Ceylon epidemic occurred in the winter 
and not in the summer of the year 1934, and why in the years 1906 and 1911 the 
first wave occurred in the summer. 

The montiily atmospheric humidity prevailing in an area where malaria 
epidemics are dependent upon excessive monsoon rainfall is illustrated in 
Fig. 15, from a scrutiny of which it will be seen that in the Punjab the atmospheric 
humidity, except during the winter, is extremely low until the month of July 
when it undergoes a rise proportionate to the amount of the monsoon rainfall. 
In the year 1877, owing to the complete failure of the monsoon, the usual rise 
of relative humidity in Jul)'^ and August did not occur, and in association there- 
with, there was a complete absence of epidemic malaria in the autumn ; indeed, 
in spite of famine, the public health remained exceptionally good. On the 
other hand, in the following year, the abnormally heavy monsoon rainfall in 
July and August was associated with an extremely large rise of relative humidity 
(from 38 per cent, in June to 79 per cent, in August) and by an exceptionally 
severe epidemic of malaria during the last 4 months of the year. 

Here therefore the excessive rainfall during July and August was the main 
factor responsible for the large rise of atmospheric humidity during the pre- 
epidemic period, and it is justifiable to regard this type of epidemic as a rainfall 
epidemic, and to expect a high degree of correlation between the July- August 
rainfall and the autumnal mortality from malaria. 

The essential features of drought and rainfall epidemics are displayed 
diagrammatically in Fig. 16. It is inferred that a drought epidemic can 
only occur in areas where the atmospheric humidity is normally high and 
where a drought occasions a temporary fall of atmospheric humidity. Such an 
epidemic may therefore be described as a V-type epidemic, in which the right 
limb of the V represents the epidemic potential, whilst a rainfall epidemic may 
be termed an inverted V-type epidemic, the left limb of the inverted V 
representing the epidemic potential. 

It is however clear that in both types of epidemics the sequence of events 
is the same, since a sharp rise of relative humidity is common to both, although 
in the one case it is rendered possible by preceding drought and in the other by 
excessive rainfall. 

In conformity with this explanation of the mechanism of drought and 
rainfall epidemics it is found that drought epidemics occur in those parts of 
Bengal, Assam, Bombay, Ceylon, Malaya, Mauritius and British East Africa, 
where the atmospheric humidity is normally high throughout the year, whilst 
rainfall epidemics occur in those parts of these and other countries in the , 
tropical and sub-tropical zones where the rainfall and atmospheric humidity 
is normally low (excluding the cold season) except during the rainy season. 

In the temperate zone the atmospheric humidity is high throughout the 
3 ’ear and malaria epidemics appear to be drought epidemics, and, since a dry 
summer in northern and central Europe implies a hot summer (which is also 

c 
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favourable to the anopheline factor) a positive correlation exists between 
“ malaria ” and “ temperature ” in this zone. 

Fig. 16. 
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The above interpretation of the mechanism of drought and rainfall epidemics 
may or may not be correct in whole or in part, but the conclusion appears to be 
justifiable that the occurrence during pre-epidemic periods of droughts in certain 
parts of the world and excessive rainfall in others is capable of determining the 
occurrence of malaria epidemics. 

(c) cylical periodicity. 

In view of the part attributed to droughts and floods in determining 
epidemics of malaria, it follows that meteorological cycles associated with the 
occurrence of droughts and floods at periodic intervals would occasion a similar 
periodicity of malaria epidemics. A tendency for these epidemics to occur at 
more or less regular intervals has frequently been noted. Thus Celli (1908 
1925), who appears to have been the first to remark on this character of malaria 
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epidemics, states that since the middle of the 19th century epidemics have 
occurred in the Roman Campagna with approximately a 10 year frequency 
whilst intermediate 5 yearly fluctuations are also evident. Gill (1928) states 
that in the Punjab major epidemics of malaria often occur at intervals of approxi- 
mately 10 years and that minor epidemics sometimes occur midway between them. 
Young and Majid (1930) state that in Northern Sind malaria epidemics occur 
at approximately 10 j^early intervals, major epidemics being recorded in the years 
1897, 1906, 1917 and 1929. 

Barbieri (19Sl) states that in the Argentine, Parara, and Uraguay malaria 
epidemics occur every 11 or 12 years, and Et. Sergent(1932) states that epidemics 
have occurred in Algeria every 12 years since the year 1902. In Ceylon malaria 
epidemics have occurred at intervals of approximately 5 years since the year 
1867, whilst a similar tendency to a 5 yearly periodicity is discernible in the mor- 
tality statistics of Mauritius since the year 1867. 

Little has been heard of pandemics of malaria during the present century, 
but Hirsch (1883) records many great outbreaks of malaria in the 19th century 
which he states “ attain a wide diffusion over great tracts of country and whole 
regions of the globe and run their course, not within one season or even within 
one year, but often last for several years and then remain absent for years or even 
tens of years.” 

He states that malaria was pandemic in Europe in 1806, that a great epidemic 
occurred in South India and Mesopotamia in 1811, that about the year 1823 
an extensive, severe and persistent pandemic prevailed in almost all parts of 
the world, that malaria exhibited unwonted prevalence in many countries 
in the years 1845-1849, 1855-1860 and 1867-1872. 

The last mentioned pandemic involved many countries in Europe, North 
and South America and several countries in Asia, including India and Ceylon, 
whilst in the years 1867-1868 Mauritius was decimated by the greatest malaria 
epidemic on record. The years 1877-1879 were associated with malaria 
epidemics in many parts of Europe and Asia (India, Ceylon and Mauritius), 
and malaria was again epidemic in India, Malaya, Ceylon, and Mauritius in 
the years 1900-1902. 

It seems therefore permissible to speak of malaria epochs, and it is clear, 
from a scrutiny of the above figures, that these epochs exhibit a tendency to a 
10 yearly periodicity, thus confirming the observation of Cellj in respect of 
Italy. 

Celli (1925) attributed the periodicity of malaria epidemics to the waxing 
and waning of the inherent periodicity of the malaria parasite, which, he states, 
occurs independently of climatic and meteorological conditions. “ Malaria,” 
he remarks, “ like all other epidemic diseases is a periodic phenomenon. It 
develops in waves, cycles, and rhythms, w'hich recur with periodic frequency, 
daily, monthly, and annually,” and he also distinguished, as the result of an 
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exhaustive study of the malarial history of the Roman Campagna, a grand 
cyclical development during the centuries. 

Gill (1928) suggested, in view of the tendency of malaria epidemics to occur 
in’the Punjab at intervals of about 10 years, that this periodicity might be related 
to the 11 year sun-spot cycle ; and Barbieri (1931) and Et. Sergent (1932, 1933) 
state the malaria epidemics in South America and Algeria respectively are to 
some extent associated with certain phases of the sun-spot cycle. 

The first person to associate the sun-spot cycle with malaria epidemics 
was C. Meldrum, ll.d., f.r.s. (1881), Director, Meteorological Observatory, 
Mauritius, rvho after making an exhaustive study of the meteorological conditions 
prevailing in Mauritius at the time of the great epidemic in the year 1867, came 
to the conclusion that one of the factors responsible for this epidemic was the 
abnormal meteorological conditions prevailing not only in Mauritius but widely 
throughout the world at this epoch, and, although handicapped by the paucity 
of data regarding other countries, he definitely attributed the high mortality 
that occurred at this epoch in Mauritius, India, Ceylon, and certain other 
countries to the abnormal world-weather associated with the commencement 
of the sun-spot cycle in the year 1867. 

He stated — and this view is generally held by meteorologists at the present 
day — that at the turning points representing the inequality of solar activity, 
as represented by the comparative presence or absence of spots, faciilae, and 
prominences on the sun, the weather is subject to great extremes, with the result 
that floods and droughts are particularly liable to occur at the period of maximum 
and minimum sun-spot numbers, and more especially at the epoch of minimum 
sun-spot numbers. 

The sun-spot cycle is however of variable duration, the period from one 
minimum to the next varying between 10-12 years, the average being 11-3 
years. It also exhibits another inequality since the rise from the minimum 
to the maximum is usually more rapid than the decline from the maximum to 
the minimum, so that the epoch of the maximum, instead of occurring about 
5| years after the minimum, is usually reached in about 4 years, whilst the decline 
from the maximum to the minimum usually takes about 7 years. 

In these circumstances it is necessary, in order to determine the relation- 
ship between the sun-spot cycle and the periodicity of malaria epidemics, 
to examine the annual sun-spot numbers, and accordingly in Fig. 17, a curve 
is shown based upon the sun-spot numbers during the period 1810-1934. 

The most striking feature of this curve is the remarkable association of 
great malaria epidemics and pandemics with the epoch of minimum sun-spot 
numbers. It will be seen that all the pandemics mentioned by Hirsch between 
the years 1810 to 1867 coincide with a period of low sun-spot numbers. Further- 
more, Hirsch records the occurrence of a pandemic at every epoch of minimum 
sun-spot numbers during the above period, with the exception of the )'ears 
1833-1834. 
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Fig. 17.- Curve of Sun-Spot Numbers, 1810-1934. 
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The next pandemic, after tlie great pandemic of 1867-1869, occurred at the 
period of minimum sun-spot numbers in 1877-1878. There was no pandemic 
in the years 1889-1890, but epidemics arc recorded in Northern India, Mauritius, 
and Ceylon in these years. The period of minimum sun-spot numbers in 
1900-1901 was associated with a great famine epidemic in the Punjab, and 
with malaria epidemics in Malaya and Mauritius. 

The period of minimum sun-spot numbers in 1911-1912 was not associated 
with a great pandemic, but malaria epidemics occurred in Ceylon, Malaya, and 
Mauritius. 

The epoch of low sun-spot numbers in the year 1923 was associated 
with a great famine epidemic in Russia, in which the Balkans were also 
involved. Minor epidemics occurred during this year in the Punjab and in 
Ceylon. 

Finally, the recent epidemic in Ceylon occurred in association with the 
new sun-spot cycle commencing in the year 1934. The sun-spot number for 
the year 1935 (up to September) is 28-5, and it may therefore well be, if the 
present abnormal world-weather continues, that epidemics of malaria will be 
reported from other countries before the close of the current year. 

Scarcely less striking is the association of malaria epidemics with the epoch 
of maximum sun-spot numbers. Thus in the Punjab major epidemics occurred 
in the years 1861, 1870, 1884, 1892, 1894, 1908 (which is however somewhat later 
than the year of maximum sun-spots), and 1917. 

No epidemic took place in the Punjab in the year 1928, but a major epidemic 
occurred the following year in the adjoining province of Sind. 

In Ceylon, the association of malaria epidemics with the epoch of maximum 
and minimum sun-spots is extremely close. Thus, epidemics of varying 
magnitude took place in the years 1906, 1911, 1914, 1919 (?), 1923, 1928, and 
1934, all of which, with the exception of the doubtful epidemic in the year 
1919, occurred about the epoch of maximum or minimum sun-spot numbers. 
There is thus a considerable amount of evidence pointing to the conclusion 
that a definite relationship exists between the sun-spot cycle and the periodicity 
of malaria epidemics. Nor is there anything obscure about this relationship, 
since if the meteorologists be correct in stating that a special liability exists for 
droughts and floods to occur at the epoch of maximum and minimum sun-spots, 
it would be expected that malaria epidemics would exhibit a tendency to occur 
at intervals of 5 and more especially of 10 years approximately. 

The oscillations of solar activity, of which sun-spot cycle is one manifesta- 
tion, are also associated with magnetic disturbances, and it is conceivable 
therefore that variations in the quality or quantity of solar radiation at the 
time of maximum and minimum sun-spot numbers may be the precipitating 
cause of the outbreak of relapses at the commencement of malaria 
epidemics. 

For the present it will suffice to state that the relationship of malaria 
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epidemics to the sun-spot C 3 ^cle is sufficientl}'^ close to permit of the conclusion 
that the C3’clical periodicit3'' of malaria epidemics is attributable to the changes 
in world-weather associated with periodic oscillations in solar activity. 

6. — Conclusions. 

The conclusions reached as the result of the study of the malaria epidemic 
in Ce 3 don may be briefly summarized as follows : — 

(1) It is held that the epidemic was initiated by an “ epidemic of relapses ” 
occasioned by a change in the parasite-host relationship. 

(2) The general determining cause of the “ epidemic of relapses ” is 
unknown, but it is inferred that it is closely related to or correlated with an 
abrupt rise of atmospheric humidit 3 '^ during the pre-epidemic period. 

(3) The adoption of the above h 3 fpothesis renders it possible to explain 
man 3 ’' peculiar features exhibited by malaria epidemics, more especially their 
sudden and almost simultaneous onset over wide areas, their spatial distribution 
and focal character, their wave form, their association with drought in certain 
countries and with excessive rainfall in others, and their seasonal and cyclical 
periodicit 3 '’. 
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Discussion. 

Sir Rickard Christophers : Any considerable enhancement of malaria 
in a community may be termed an “ epidemic.” There are, however, many 
types of such “ epidemics ” differing in their mechanism of origin, in their 
characters and in the scale on which they are manifested. Small ” outbreaks ” 
are very commonly described in the literature. In these the epidemiology 
is frequently very simple. A community of non-immunes is exposed to condi- 
tions very suitable for malaria transmission, as for example to a considerable 
degree of anophelism, infection is rapidly disseminated and the whole com- 
munity goes down with malaria. Larger epidemics usually have a more complex 
epidemiology and it would appear that ” immunity ” is usually a large regulating 
factor. A form of epidemic which may occur on a considerable scale is that 
known as the “ malaria of tropical aggregation of labour.” Among a number 
of factors here operative the protective role of immunity is ruled out through the 
continued influx of non-immunes bringing about a condition which may be 
likened to the heaping of fuel upon a fire. A not uncommon condition in 
India is the increase of malaria in a tract over a period of years so that this tract, 
originally healthy, suffers from what practically amounts to a long drawn out 
epidemic. The type of epidemic of greatest importance and about which 
most is known in India is, however, that termed “ fulminant autumnal epidemic 
malaria ” or ” regional epidemic malaria ” as it is now generally described. 
This has very definite characteristics among which may be noted (1) a marked 
seasonal relationship so that its dates of onset and duration may be almost 
identical in different years, (2) an extremely sudden onset, (3) synchroneity of 
onset over very wide areas amounting often to hundreds of square miles, 
(4) a marked focal distribution of intensity and, (5) a very high associated 
mortality. Though the Northern Indian epidemics are apparently related 
to “ flooding ” and the Ceylon epidemic to “ drought ” the similarity in 
other respects is so striking that one may safely place the Ceylon epidemic 
in this class. The maps show two of the North Indian epidemics prepared 
by the same method as was adopted by Colonel Gill in mapping the Ceylon 
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epidemic, vi^., by use of the epidemic figure. These are the epidemics of 
1908 and 1892 respectiveh^ The maps were published in my paper many 
years ago on Malaria in the Punjab.* It is probable, however, that very few 
here have seen them. The area shown is that portion of North-West India 
lying between the Himalayas and the mountains of Baluchistan and forming 
the great plains of the Punjab. The whole of Ceylon would fit comfortably 
into the corner occupied by the northern epidemic in 1908. This year was 
unique in that there were two simultaneous but distinct epidemics. The 



Map 1 . — ^A'lap of the Punjab showing distribution of the malaria epidemic of 1908 (two simul- 
taneous epidemic areas). Scale 1 inch = 96 miles. Light shading = epidemic figures of 5 or over. 
Medium shading = epidemic figures of 7 or over. Dark shading = epidemic figures of 10 or over. 

epidemic of 1892 is almost certainly the greatest recorded single epidemic of 
this type there has ever been in the world. The extra mortality due to the 
epidemic in 2 months being of the order of 150,000 deaths. 

No one looking at these maps, or that prepared by Colonel Gill of the 
Ceylon epidemic, can fail, I think, to be struck by the resemblance to maps 
of meteorological phenomena. They are, one feels instinctively, maps of 

^Christophers, S. R. (1911). Malaria in the Punjab. Sci. Mem. Off. Med. Sau. 
Dept. Gov. India (New Series) No. 46. Calcutta : Superintendent Government Printing, 
India. 
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“ malaria cyclones.” This resemblance is not merely superficial, but is due 
to the fact that the fundamental causation of these epidemics is meteorological. 
The immediate meteorological happenings of the year in which the epidemic 
occurs can be readily shown to be concerned, by the comparison of rainfall maps 
etc., with the epidemic distribution. This, however, is not the whole story 
since the succession of meteorological events throughout the previous decade 
or more obviously also have tlieir effect. One may say that there is the sensitizing 
and exposure of the plate, as well as the developing, to be considered. That there 



jMap 2. — Map of the Punjab showing distribution of the malaria epidemic of 1802. Scale 1 inch = 
90 miles. Light shading = epidemic figures of u or over. Medium shading = epidemic figures 
of 7 or over. Dark shading = epidemic figures of 10 or over. 

should be evidence in the occurrence of such epidemics of “ cycles ” and even 
of a relation to sun-spots is more than probable once one recognises their 
dependence on meteorological events. Unfortunately whilst this indicates 
to us the general nature of the fundamental causes, it fails to tell us very much as 
to the mechanism by which the results are brought about, the details of which 
as epidemiologists we above all wish to know. 

Time does not permit of a discussion of many points raised by Colonel 
Gill. The most interesting and important part of Colonel Gill’s theory 
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concerning the mechanism of the epidemic appears to me to be his observation 
that the first wave, i.e., the outburst of cases starting almost everywhere about 
the 27th October, was unassociated with the mortality one might have expected 
among the young children. It is startling to think that this sudden outburst 
could be due solely or mainly to relapses, especially since it is difficult to assign 
any apparently adequate cause likely simultaneously to precipitate so many 
relapses. But the author’s arguments are not easy to controvert and lu’s conten- 
tion must, I think, be given serious consideration. I should like to ask Colonel 
Gill if there was any collateral evidence obtainable from the dispensaries 
that these early cases were of a milder character than the later ones as one might 
expect if they were relapses. On the other hand evidence of such mildness 
does not necessarily prove the relapse theory since the mildness of the cases 
in the beginning might be a result of numericall)’’ poor infections in the 
anophelines. 

Colonel S. P. James : As Colonel Gill was so kind as to mention the 
prediction I made to the Colonial Office that there would be a second wave in 
the spring, I had hoped to show to-night some lantern slides to explain the reasons 
on which that prediction was based ; but, in view of the short time available 
for discussion, I will leave out that part of what I wanted to say and will refer 
only to the causation of the primary wave. 

This primary wave is very puzzling, and the explanation which Colonel 
Gill has given of it to-night is new and unexpected. If I understood him 
correctly, he regards the drought as the prime and essential cause, but attaches 
little or no importance to the phenomenal increase of Anopheles culicifacies which 
accompanied it. Instead of this anopheles abundance I understand that he 
attaches most importance to the occurrence of an epidemic of relapses preceding 
the epidemic wave. 

The first factor is the drought. This, like every other factor in epidemiology, 
acts in different ways in different countries. The simplest, and one of the 
clearest examples of the influence of drought is seen on the north coast of Java, 
where an epidemic occurs annually during the dry season. As Dr. de Vogel* 
discovered many years ago, it happens at that time of the year that freshwater 
pools along that coast partially dry up and become disconnected from the canals 
which normally supply them with larva-eating fish, and the water becomes so 
hot that it kills the fish, but the mosquito larvae thrive and multiply enormously. 
The graph on page 470 shows that this epidemic during the dry season 
in Java begins a few weeks after the onset of those conditions, and attains its 
maximum in August and September, which is the middle of the dry season. 
It is obviously an epidemic due to drought. Evidently the drought in Ce)-lon did 
not act in that way. It began after the drought had ceased, and then it began 
suddenly, so suddenly, as Colonel Gill says, that its onset over nearly the whole 
area could be fixed to a day. This sudden onset must be accounted 

* De Vogel (1907). Atti d. Soc. per gli Studi d. Malaria, viii. 
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for in any explanation of the epidemic, as also must his description of it as being 
explosive in nature.* The explanation must also show us why no progressively 
increasing abundance of anopheles occurred between June and September, 
while the rivers were drying up. Also the explanation must accord with 
Colonel Gill’s view that the drought was the prime cause of the epidemic. 
I think Colonel Gill envisages only one explanation which fulfils all those 
requirements, namely, the explanation that prior to the sudden explosive onset 
on 29th October, an equally sudden and explosive onset of relapses occurred 
among human malaria carriers. 



I— ■ ■■ - - - ■— - -( 

SEASON OF DROUGHT 
Annual Malaria Epidemic. North Coast of Java. 

I had hoped to develop alternative explanations in my remarks this evening, 
but, as I have not time to do so, I will only bring to notice a suggestion which 
was made to me by Dr. de Verteuil, of Trinidad. It is that this sudden 
explosive epidemic was caused by a sudden invasion of anopheles from some- 
where outside the particular epidemic area in which the onset was explosive ; 
that is, that at the first onset of rain after the drought there occurred one of those 
strange migrations or flights of anopheles which happen from time to time 
at certain seasons in different countries. A long time ago I recorded a migration 
of this kind in my report on the antimalarial operations at Mian Mir in 1902, 
but at that time no one was willing to believe that anopheles could fly more 
than two or three hundred yards. Ten years later, however, the same phenomenon 
was reported from the Panama Canal, and then workers began to sit up and take 
notice. Between 1924 and recent years Kligler studied the subject thoroughly 
in Palestine. Most important of all for our present purposes are the observa- 
tions of Dr. DE Verteuil himself, for he has kept exact records of some excep- 
tional migrations of anopheles in Trinidad. He finds that migration on a small 
scale occurs annually ; but that, at intervals, and always after a prolonged 

* I should like it to be understood that my remarks are applicable only if the epidemic 
did, in fact, begin suddenly and explosively. If it began gradually its explanation is less 
difficult. — S.'P. J- 
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•drought, migration occurs on an immense scale. The graph below is from 
Dr. DE Verteuil’s report* of a migration which followed a prolonged drought in 
1931. It was a migration which lasted 6 weeks, as compared with only 10 days 
in 1932. 

Of course, this hypothesis of migration does not necessarily upset Colonel 
Gill’s view of an epidemic of relapses ; it may supplement rather than supplant 
it. His statement that the primary wave began on the same day over a large 
area seems to indicate a sudden invasion by vifected anopheles — in which case 
it would not be necessary to suppose that there was a pre-epidemic wave of 
relapses. Kligler, in his investigations in Palestine, reported obtaining 



1931 1932 


Migration of 
Anopheles 
tarsimamlatus. 


“ absolute proof ” of the long-range dispersal of infected anopheles from 
infected to uninfected villages several kilometres distant.f If, however, the 
migratory swarm did not include infected insects one has to postulate a coincident 
wave of relapses to account for the simultaneous infection of large numbers of 
anopheles and the resulting explosive outburst of clinical cases. However, 
if there was this wave of relapses I should have expected that the statistics 
of the year would have shonm a corresponding wave of primary attacks about 
S months previously, namely, in Februarj^ I should like to add that if Colonel 
Gill could show us temperature charts of the very earliest cases in the epidemic, 
I think we could tell him whether they were primary attacks or relapses. 

I must not speak longer, so I will only say that it seems impossible to decide, 

* De Verteuil, E. (1933). Malaria survey for 1932, Trinidad and Tobago Council 
Paper, No. 32. 

f See for example : Kligler, I. J. (1932). The movements of anopheles at various 
seasons of the year with special reference to infected mosquitoes. Trans. Roy. Soc. Trop. 
Med. & Hyd., xxvi, 73. 
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until continuous work has been done over a series of years, whether this epidemic 
was due to a sudden invasion of infected or uninfected anopheles, or to a pre- 
epidemic wave of relapses, or to other factors which are, as yet, unknown. 
I have no strong feelings on the subject, except to urge that further research 
should be carried out. It is unfortunate that, although ctiUciJades was proved 
to be an important carrier of malaria in India more than 30 years ago and in 
Ceylon more than 20 years ago, we have as yet no moderately complete account 
of the life-history of this insect in its adult stage. I stress this because I have 
always held that for the purposes of malarial epidemiology and control it is more 
profitable to study the life history and habits of the insect vector in its adult stage 
than it is to study the breeding places of its larvae. 

Sir Malcolm Watson ; The predominant feeling of everyone in this Society 
is, I am sure, deep sympathy with the people of Ceylon in the misery and distress, 
sickness and death which have afflicted them in the past year. It is urgent 
that Ceylon should get every possible help because epidemics on a larger and 
smaller scale have occurred in the past and there is no reason to doubt that 
they will recur in the future, unless some means are taken to control them. 

In his paper to-night. Colonel Gill quite frankly states his opinion that, 
except for small “ closed ” populations, there is no hope of controlling malaria ; 
and that for “ the large free populations of rural areas ” “ the control of 

malaria as a practical proposition is almost as far to seek as it was a century ago.” 

I can hardly believe that this Society will allow any such statement to 
pass unchallenged : I certainly am not prepared to do so. On the other hand, 
I do not propose to spend much time in directly controverting Colonel Gill’s 
views, I propose rather to speak on a constructive policy but wish first to 
emphasize two points. The first (see chart below) concerns a wave of malaria 
among a free population in a wide rural area which was studied over 30 years 
ago. That area was occupied by Malays, Javanese, Banjarese, Chinese and 
other Asiatics living their own lives on their own small holdings much as the 



The Chart (here published for the first time) shows the effect of agricultural drainage in 
controlling a severe and increasing outbreak of malaria in the District of Kuala Selangor, 
F.M.S. The figures on which the Chart is based w'ere published in my Prevention of 
Malaria in the F.M.S. The drainage was begun in 1898. 
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people of Cej'Ion do to-day. The only European estates were three semi- 
derelict and practically bankrupt coffee estates with a total acreage of about 
600 acres. A study of that epidemic showed us the cause of the rise and the 
fall of the epidemic. It was the starting point of the control in Malaya of 
rural malaria under various conditions and by diverse methods dependent on the 
species of mosquito which carried the disease. The second point is that the 
malaria course for laymen held at the London School of Hygiene and Tropical 
Medicine shows an ever increasing number of attendances. Would laymen 
attend that course if nothing more practical was to come of it than Colonel Gill 
seems to suggest ? 

The people of Ceylon are probably now realising, as they have never 
realised before, the significance of the high spleen-rates which have been known 
to exist in several areas of the island for at least the past 25 years. It will be 
easy to waste money, and money will certainly be wasted, unless the prevention 
of malaria is preceded by co-ordinated research on a much larger scale than has 
hitherto taken place in Ceylon. I have had the pleasure of seeing some of 
Mr. H. F. Carter’s excellent work in his own company, I have nothing but 
praise for it ; but I am sure that Mr. Carter himself would agree that had there 
been more money and greater facilities provided, the quantity of both the 
research and practical work which he has done would have been much greater. 

On receipt of Colonel Gill’s report, it struck me, as it struck several others 
who read it, that it was not as helpful from the practical point of view as it might 
have been. Accordingly, I wrote a memorandum in which I have discussed 
the Ceylon epidemic in the light of my experience of malaria in many countries 
and particularly in Malaya which, like Ceylon, is situated in the equatorial zone 
and has many other similarities. I have also discussed briefly the question 
of hookworm, oedema — which forms a prominent feature clinically in Ceylon, 
as it did in Malaya — housing, water supplies, site selection — even for the smallest 
social units — antimalarial drugs and hospitals. 

On each of these subjects more local research is required in Ceylon if money 
is not to be wasted. It is of vital importance, for example, to determine the 
cause of the oedema which was so prominent a feature in the hospitals. Is 
it due to malaria or to the hookworm, or both ? The work of Stanton, 
Macaulay and myself in Malaya gave us a definite answer ; and our conclusions 
were confirmed by the Rockefeller Hookworm Commission to the Orient, 
1915-17. The Commission’s Report has an important paragraph (page 110) 
on “ Severe malaria (cachexia) mistaken for hookworm disease.” We want 
to know if the oedema in Ceylon is the same condition as it was in Malaya, It is 
useless to speculate ; we require definite observations in hospitals, laboratories 
and in the field, and the work must be co-ordinated if a conclusive answer is to 
be given. 

Another question ; Why did the south of Ceylon escape the recent malaria 
epidemic ? There are wells and rivers in the south as tvell as in the centre 
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and north of the island. Here again we want exact evidence. I would like to 
emphasize in connection with this work the value of the small field laboratories, 
organized by Dr. G. C. Ramsay, in Assam, Bengal and Southern India. Work 
carried out in that way would be of the greatest value in Ceylon. 

It is not possible to give in detail all I have written in my memorandum 
on the malaria in Ceylon, which has been in Colonel Gill’s hands for some weeks 
and which I have discussed with him ; but the following are the two concluding 
sections. They indicate the basis of the malaria policy in Malaya and suggest a 
policy for Ceylon. 

“ The control of malaria was the foremost problem. That no satisfactory 
return would be obtained from expenditure on other sanitary measures 
as long as the people were sodden with malaria. That the site of the house 
was of vital importance, for a good site might eliminate malaria completely 
and at no cost, or where complete elimination was not possible, the right site 
reduced the cost of control to a minimum. Much of my work in my later years 
in Malaya was of this nature. Once a satisfactory site has been selected, then 
we can proceed with e.xpenditure of money on other things, such as houses, 
water supplies, etc., but expenditure on these things before making sure that the 
site is satisfactory may be an obstacle to the control of malaria. 

“ I would also like to add that in Malaya, tuberculosis was a serious problem 
in the brick houses of towns. And its occasional presence in tightly sealed houses 
in villages led me to advocate houses on estates with wooden walls which, 
through warping of the planks, admitted free currents of air at all times — currents 
of air which the inhabitants could not easily obstruct. 

“ In countries like Malaya and Ceylon, where cholera is a menace, pure 
water is essential. The great majority of the estates in Malaya which came 
under my control were in time provided with supplies of good water, but these 
were not provided until we were satisfied that the site for the house was satis- 
factory and that it would be a permanent site. Adequate water supply permits 
of septic tanks and water-flushed latrines and on many estates these were pro- 
vided ; bore-hole latrines came later. 

“ Policy for Ceylon . — Before large sums of money are spent on antimalarial 
work in Ceylon, a clear answer is required to the questions which I have discussed. 
Are the conclusions which I reached in Malaya true of Ceylon ? For if the 
conditions are the same in Ceylon, then the same general policy should be 
adopted as in Malaya ; if in Ceylon, the conditions are different, then a different 
policy will be necessary. But clear proof would be required that the conditions 
are different, especially in view of the recent great epidemic, which indicates 
that malaria is the major disease problem in Ceylon, as it was in Malaya ; and 
that being so the presumption is that the policy which has been, and is being, 
followed in Malaya is that best suited to Ceylon. 

“ And I would urge that the research I have outlined briefly should include 
the two-thirds of Ceylon which is now submerged in jungle ; I believe that 
research will show a way to reclaim this land. 
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“ Formidable as the problem may appear, few I think, will regard it as more 
formidable than that presented by the malaria of the great swamps of Malaya, 
described in the Finlayson Lecture, from which I have already quoted. To-day 
we have complete knowledge of how to control that malaria ; indeed in some 
places the control is so complete that Dr. Barrowman, my successor, wrote of 
Carey Island Estate as follows ; ‘ There has been one child with enlarged spleen 
during the past 5 years, and she had arrived on the Estate with the spleen already 
enlarged.’ . . . ‘ There are over 1,500 healthy, happy children among whom 
the sick day rate last year was no more than 0-4 per cent.’ . . . ‘ Carey Island 
is situated in the delta of the Klang and Langat Rivers. The land is low- 
lying soil with high ground water, in fact, it is naturally a fresh-water swamp 
surrounded by salt-water swamp, conditions in the tropics which are notorious 
for producing the most appalling malaria.’ . . . ‘ This combination of measures 
on Carey Island is so successful and so unobstrusive that the whole population 
goes about its daily work doing nothing it would not do elsewhere, and uncon- 
scious that but for the control in force the island would be one of the death traps 
of the tropics.’ 

“ That shows what research has done for one of the intensel}^ malarial 
zones of land in Malaya ; in other zones the results of appropriate measures 
have been not less striking. These results would in themselves be sufficient 
to encourage an attack on the jungle zone of Ceylon. But there is another reason. 
In that jungle zone are the ruins of cities, and the even more striking remains of 
a great irrigation system ; obviously the work of a cultured and civilised people ; 
most improbably the work of a race habituated to malaria. In the 12th century 
A.D., they were driven from their lands ; yet when the wars ceased they were 
never able to return to them or recreate their former prosperity. Every attempt 
to do so has ended in disaster. Had intense malaria been present before and 
during the twenty centuries of their ancient occupation they would have acquired 
such a tolerance to the disease, that they could have returned without difficulty. 
If, as I believe, the land and people were free from malaria these disasters point 
our great hope.” 

Professor D. B. Blacklock : Colonel Gill in his valuable contribution 
to the epidemiology of malaria stresses the importance of two factors ; the 
first concerns the inherent periodicity of the simple tertian parasite and results 
in an epidemic of relapses, the second concerns the number and transmitting 
capacity of the anopheline vector and results in an epidemic of fresh infections. 

The idea of an epidemic of relapses occurring, for reasons unknown, in 
persons with simple tertain infections is not entirely new. As bearing on this 
point and also on the inherent periodicity of the parasite, I should like to refer 
to one of the studies in the treatment of malaria done by workers at Liverpool 
during the war. It is in the Annals of the School in the year 1918, and is entitled 

D 
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“ A factor hitherto overlooked in the estimation of the curative value of treatments 
of malaria.”* 

Two groups of cases treated identically and microscopically followed for 
the same period, gave strikingly different relapse rates. In an endeavour to 
account for this peculiar result investigation was made into several factors which 
might account for it. The relative numbers in the two groups, the length of 
time since first infection, the length of time between arrival in England and this 
treatment, the question of the source of the strain of parasite, whether from 
Greece or Africa, the strength of the quinine solution and the mode of admini- 
stration were all carefully scrutinised and shed no light on the matter. The 
authors were driven finally to the conclusion that the season of the year had a 
preponderating influence. One group of cases treated and observed in the period 
July to September gave a relapse rate of only 38 per cent., the other group 
treated and observed in the period January to April gave a relapse of no less than 
94 per cent. The meteorological reports for the periods were examined but the 
only factor which appeared at all closely correlated with this seasonal difference 
in relapse rate was temperature ; the lower the mean daily temperature tlie higher 
the relapse rate. The percentage of atmospheric humidity did not appear to 
bear any significant correlation. 

Turning now to another point, it is an excellent thing that it is becoming 
increasingly appreciated that our real medical difficulty in the tropics is the large 
rural populations. For many years some of us have been directing attention 
to this fact, and I am glad to see that Colonel Gill gives it prominence. He 
makes one statement, however, with which I, and I hope the majority of those 
present, will entirely disagree ; he says of the Ceylon epidemic : — 

“ I shall only refer to its disastrous effects in order to emphasise the power- 
lessness of modern medical science to prevent the outbreak of malaria epidemics 
or to check materially their courses.” 

My reply to this statement is that with few exceptions such as those referred 
to by Sir Malcolm Watson to-night, broadly speaking, modern medical science 
has never yet had any opportunity of showing what it can effect in the prevention 
of malaria and other tropical diseases. Let us consider that in the Ceylon 
epidemic the cost of relief measures alone is put at ;^350,000. I venture to make 
the assertion that if modern medical science had had at its disposal any sum 
of this order of magnitude for the prevention of malaria in Ceylon, the figures 
of morbidity and mortality in 1934 would have been vastly different from what 
they unfortunately were. 

While, therefore, I heartily congratulate Colonel Gill on his most interesting 
dissertation, I trust that we shall some day have the pleasure of hearing him 
repudiate his present pessimistic views on what modern medical science can 
achieve in the way of prevention, if proper facilities and adequate means are 
provided. 

* Aim. Trap. Med. & Parasit., (1918), xii, 201. 
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Sir Weldon Dalrymple-Champneys : I was in Ceylon during the worst 
of the epidemic, and went over the island with Dr. Briercliffe, the Director 
of Medical and Sanitary Services there. All the points Colonel Gill has made 
to-night have come home to me very much. In the joint paper by Dr. 
Briercliffe and myself, which no doubt many of you heard at the Royal Society 
of Medicine, we recounted the chief events in the epidemic, and gave what we 
considered to be the most important factors in the production of that epidemic. 
But Colonel Gill has to-night gone, in a more detailed way, into the aetiology 
of the epidemic, and has produced some very interesting theories. Unfor- 
tunately, owing to lack of time, he did not elaborate the latter subsidiary part 
of his theory concerning sun-spots, but those who have read his paper will have 
seen it. 

I myself — and am sure I can speak for Dr. Briercliffe also in this matter — 
would be the last to pretend that this epidemic, or any epidemic of malaria 
of this kind, can be easily e.xplained or that all the factors are known, and those 
who have discussed Colonel Gill’s paper have made that clear. But, at the same 
time, I feel that the factors which were suggested by Dr. Briercliffe in his 
Report, and by us in our joint paper, as being the principal ones, were in reality 
the most important factors, though they will not account for all the phenomena 
which occurred. The three most important and interesting, perhaps, are (1) the 
encouraging of the breeding of Anopheles culicifacies owing to the drought and the 
consequent pools in the rivers ; (2) the fact that the population of the Wet Zone 
was very little “ salted ” to malaria ; and (3) — a point to which Colonel Gill 
did not refer — the important fact that these people were under-nourished, 
very many of them grossly so, owing to the partial failure of the paddy crop. 

I think I am right in saying that Colonel Gill’s theory is founded on the assump- 
tion that there was an initial epidemic of relapses but the evidence for this seems 
to me a little thin in places. I have not time now to go into the reasons why I 
think that ; but there is one point which perhaps he can explain, which seems 
to be a contradiction in his paper. In one part of the paper he says “ The con- 
clusion is inevitable that the children escaped infection almost completely during 
the first 4 weeks of the epidemic,” and from that he concluded that the morbidity 
amongst adults must have been due, mainly, to relapses. But in a previous part 
of his paper he said, “ At the commencement of the epidemic infants and young 
children were mainly involved.” I am sure there is a simple explanation of that 
apparent contradiction. 

The only other thing I intended to say has been already said, and it is that 
we should not be satisfied with our present knowledge of malaria, or our present 
methods of combating it ; I am sure that is what Colonel Gill meant by the 
remarks which have been described by some as pessimistic. I think they were 
only intended to stimulate workers on this subject to go forward, and not to rest 
content with the knowledge we already have. There is no doubt that we must 
concentrate on research in this matter, and no one is more aware of the importance 
of that than Dr. Briercliffe and myself. 
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Professor P. A. Buxton ; Colonel Gill says that the onset of the epidemic 
was explosive and that one could frequently point to a particular day in the 
records of a hospital. This is clearly a most important and puzzling observation 
(whatever may be the interpretation of it). I think that a considerable body of 
fact should be published showing the daily admissions, either for all diseases 
or for malaria, in at least a dozen hospitals. At the same time may I point out 
that the point seems to have escaped the notice of Brieucliffe, whose 
Charts 4 and 5 and Table 17a in his official report, appear to show a gradual 
rise, working up to a peak during a period of several weeks. I admit that 
Briercliffe’s charts may fail to show a lot of important, fine points, because 
the figures are tabulated by weeks and presented for rather large areas, not for 
individual hospitals. I do not know whether it would be possible for 
Colonel Gill’s paper to be expanded in this one point. 

Colonel Gill (in reply) : The hour is late and I fear that in the time at my 
disposal it will not be possible to deal adequately with all the points that have 
been raised by previous speakers. Certain remarks in the introduction to my 
paper have been adversely criticised by Sir Malcolm Watson. I think, 
however, he has misunderstood the drift of my remarks, but, as Sir Weldon 
Dalrymple-Champneys has corrected his misapprehension, I need say little 
more on the subject. 

In my opening remarks, I stated that it was not my intention, in stressing 
the importance of research, to depreciate what has been achieved in the past or 
is being attempted in the present to control malaria in the tropics, but that 
I felt that more knowledge was necessary regarding the epidemiology of malaria, 
and more particularly the life-cycle of the malaria parasite, in order to broaden 
the basis of anti-malaria measures and to increase their effectiveness. 

As an example of the restricted scope of existing methods I said that it 
was not possible to put forward at present any practicable scheme for controlling 
malaria in the very extensive hyper-endemic area in Ceylon. I understood 
from conversation with Sir Malcolm that he agreed with me on this point, 
but he now shakes his head, so apparently he does not. But here are his own 
words in his speech this evening : “ And I would urge that the research I have 
outlined briefly should include the two-thirds of Cej'lon which is now submerged 
in jungle ; I believe that research will show a way to reclaim this land. ” 

As this is one of the recommendations contained in my official report to 
the Ceylon Government, I naturally endorse it, but I confess I am at a loss to 
understand what Sir Malcolm’s position is in this matter. My position is that 
although much can be done under favourable conditions, we shall never be able 
to attack successfully the great problem presented by rural malaria in the tropics 
until we know more than we do at present regarding the epidemiology of malaria 
and more especially the life-cycle of the malaria parasite. 

But the subject of discussion this evening is the cause of malaria epidemics. 
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and more especially the circumstances responsible for the sudden outburst of 
sickness at the commencement of the epidemic. My conclusion that the initial 
explosion is due to an “ epidemic of relapses ” is as startling as it was to me 
wholly une.xpected, and it is, of course, necessary that it should be critically 
examined. 

I, therefore, awaited with great interest and some trepidation to hear the 
views of Sir Rickard Christophers and Colonel James. I think that the state- 
ment of Sir Rickard that a pjitna facie case calling for serious consideration 
has been made out goes as far as is justifiable at present. He asked if I could 
state whether the malaria cases at the commencement of the epidemic were 
clinically milder than at a later period. I did not specifically investigate this 
point, but I think that it can confidently be assumed that there were few serious 
cases during the first few weeks, because at this period there were practically 
no deaths either amongst adults or children. During the second wave in April 
1935, which I witnessed, most of the cases appeared to be mild relapses. Sir 
Rickard suggested that mild primary infections might occur at the commence- 
ment of the epidemic as the result of infection with a small dose of sporozoites ; 
this would e.xplain their mildness, but it does not account for the sudden and 
widespread outbreak of sickness at the commencement of the epidemic. 

I was much interested in Colonel James’s account of the drought epidemic 
of malaria in Java, but, in reply to another remark, should like to make it 
clear that I do not regard the great prevalence of A. ctilici facies in the epidemic 
area as of no importance on the contrary, an abundance of good carriers 
is obviously essential to the occurrence of a wave of new infections ; but 
if the conclusion is correct that the epidemic was initiated by an “ epidemic 
of relapses,” then it is clear that, so far as the initial explosion is concerned, the 
presence or absence of anophelines was immaterial. 

Colonel James mentioned an interesting suggestion of Dr. de Verteuil, 
that the explosive outbreak might be due to the mass migration of infected 
anophelines, but this view fails to explain the almost complete absence of sickness 
and mortality amongst children during the first 5 weeks of the epidemic, unless 
it be assumed that the immigrant anophelines selected adults alo7ie for attack 
during the first few weeks of the epidemic. 

I should like to thank Professor Blacklock for calling my attention to 
the paper published in the Annals of the Liverpool School of Tropical Medicine 
entitled “ A factor hitherto overlooked in the estimation of the curative value of 
treatments of malaria,” which I remember reading but which I had forgotten. 
Unless I misunderstood him. Professor Blacklock holds the view that, given 
reasonably adequate funds, malaria epidemics can be prevented. Eveiy^thing 
possible was done by the Medical Department of Ceylon to mitigate the effects 
of the recent epidemic, but I must plead guilty to being a pessimist, in so far as 
I believe that, in the present state of scientific knowledge, it is not possible 
to prevent the occurrence of these epidemics, but I am optimistic enough 
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to believe that, when the gaps in our knowledge of the epidemiology of malaria 
have been filled, the prevention of malaria epidemics may become a practicable 
proposition. 

I appreciate the kind remarks of Sir Weldon D.\lrymple-Champneys. 
He speaks with first-hand knowledge of the epidemic, and with his and Dr. 
Briercliffe’s views I am in general agreement, except that, as the result of my 
study of the Ceylon epidemic, I do not consider that the cause of the epidemic 
can be attributed primarily to the abundance of anophelines in the epidemic 
area. 

I agree, of course, that famine played a part in increasing mortality 
during the epidemic (as also did ankylostomiasis), but, so far as the mechanism 
of the epidemic is concerned, I regard the famine as an incidental conse- 
quence of the preceding drought, but otherwise of little or no epidemiological 
significance. 

In regard to an apparent contradiction in my paper, to which Sir Weldon 
drew attention, I should explain that, in stating that infants and children 
were mainly involved at the commencement of the epidemic, I was referring 
to the commencement of mortality, and not to the commencement of morbidity, 
which started some 5 weeks earlier. 

Professor P. A. Buxton has suggested that more data might have been 
given in my paper in support of the observation that the epidemic broke out so 
suddenly that its date of onset could often be fixed to a day. I have given daily 
figures in respect of six hospitals, but I find, on referring to my notes, that in 
most cases I have only recorded, what was very clear to me at the time, the date 
of the first sharp rise. The explosive character of the outbreak is, however, 
clearly apparent in Dr. Briercliffe’s chart (Fig. 5, p. 439) ; for it is obvious that, 
when a very sharp rise occurs during a single week (as the chart shows to have 
occurred in the main epidemic area) the onset must have been extremely abrupt. 

My time is up, so I will end by stating that I did not expect that the views 
I have put forward this evening regarding the mode of onset of malaria epidemics 
would or could gain immediate acceptance. If this theory be correct it carries 
with it implications of far-reaching importance, and it may be hoped therefore 
that further investigations will be made so that the truth may be ascertained 
within a reasonable time. 
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Ha.\gen and Theiler (1932) have previously reported successful cultiva- 
tion e.\periments with a neurotropic strain of yellow fever virus. They were 
able to grow the virus in a medium of minced chicken embryo tissue and serum- 
T 3 Tode solution contained in Carrel flasks. After more than one hundred 
passages in this medium, Haagen (1933) reported that the virus still retained 
its essentially neurotropic properties. Similar efforts to cultivate strains of 
pantropic or natural vellow fever virus did not meet with success (H-AAGen, 
1934). 

During the past five ^-ears a considerable amount of evidence has accumulated 
to show that a strain of 3 '^ellow fever virus which has been “ fixed ” for mouse 
brain and behaves in a similar way in the nervous tissues of other susceptible 
animals, represents a greatly modified form of 3 'ellow fev^er virus. VTiile 
still possessing minor viscerotropic properties it exhibits a behaviour remarkabN 
different from that of the original virus. The natural, or pantropic, virus is 
capable,- in the completel 3 ’- susceptible host (man, monke 3 ', hedgehog), of 
attacking tissue of ectodermal [brain (Penna, 1935), (Findlay and Stern, 1935J , 
mesodermal (kidne 3 % m 3 ^ocardium, spleen, lymph gland) or entodermal (liver) 
origin. The 3 ^elIow fever virus Avhich is “ feed ” for nervous tissue and 
characterized b 3 '- major neurotropic properties, if introduced extraneurall 3 ^ into 
the totally susceptible animal, for example Macaciis rhesus, is capable of one or 
both of two types of pathogenesis : ( 1 ) a benign infection probabi}" originallv' 
confined to the haematopoietic tissues with subsequent invasion of the blood- 
stream (Theiler, 1935) ; (2) yellow fever virus encephalitis (Davis, Lloyd, 
Frobisher, 1932 ; Frobisher, 1933 ; Findl.ay, 1934 ; Theiler and Hughes, 
1935 ; Theiler and Whitman, 1935a, 1935b). Possibh^ too, it might produce 
classical 3 'ellow fever, but the evidence for this is not 3 ’^et conUncing. It is, 
however, important to note that Findhay and Clarke (1935) have recenfe 
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shown that repeated passage of a neurotropic strain through the livers of suscep- 
tible monkeys produces a reversion of the rdrus to the pantropic type. 

The limited environmental conditions which the pantropic virus experiences 
during a continued life in an animal offering principally a susceptible nervous 
tissue, for example the mouse, leads to a reduction of the viscerotropic and to an 
enhancement of the original neurotropic properties. As Haagen (1933) 
has shown, this enhanced neurotropic property of the mouse brain-adapted 
virus is maintained even after 100 passages of the multiplying virus in chicken 
embryo tissue in vitro. However it is conceivable that this neurotropic virus 
of environmentally reduced potentialities would be capable of lesser alteration 
when removed to an unfavourable restricted environment than would the 
original multipotential pantropic virus. The pantropic yellow fever virus 
submitted to the same or a different environment for growth and reproduction 
might show variation in behaviour in one or more different ways. Early 
evidence had already been gained in support of this view when a more critical 
review of the experiments of Rivers and Ward (1933) upon the cultivation 
of vaccinia virus added further weight to the belief in the possible occurrence 
of a change in a virus by growth under artificial environmental conditions. 
The latter observers noted that vaccinia virus of calf lymph origin grown for 
2 years in a medium of chicken embryo tissue and Tyrode’s solution induced 
little or no reaction in the skin of rabbits although it still gave rise to typical 
vaccinal pustules in man. They expressed the belief that the change in the 
activity of the virus for the rabbit was not due entirely — and perhaps not at 
all — ^to a gradual diminution in the amount of virus in successive sets of cultures, 
but to some alteration in the character of the virus itself. 

An essentially similar view of the importance of environment as a deter- 
minant of the properties of a virus has recently been advanced by Findlay 
and Clarke (1935) who, on the basis of environmental experiments with 
yellow fever virus, suggested that its character is largely dependent on the 
particular substrate on which it is grown. In a further experimental trial 
of the truth of this concept Findlay (1935) has passaged both the neurotropic 
and viscerotropic (pantropic) yellow fever viruses through a transplantable 
mouse carcinoma. In this environment of young, actively growing, relatively 
undifferentiated cells of the mouse, Findlay has already gained some evidence 
that the pantropic virus is losing its viscerotropic activity. As an unfavourable 
substrate for a pantropic virus the mouse carcinoma tissue is quite analogous 
to the mouse embryonic tissue medium to be described later. 

It is the purpose of this paper to describe the methods of cultivation of 
the pantropic yellow fever virus and to illustrate experimentally the alterations 
which have been observed in the properties of this virus during prolonged 
growth in vitro. A brief account is also given of the advantages which may be 
taken of these changes in perfecting the means of immunization of man against 
yellow fever. 
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Methods and Materials. 

Strains of ^ e/low Fever Virus under Cultivation. — The following three strains 
of yellow fever virus have been cultivated from animal sources during the 
course of this work : 

1. Asibi pantropic : This strain was isolated in June, 1927, by Bauer 
and Mahaffy from a Negro in the Gold Coast (Sawyer, 1931). It was used 
for cultivation after 53 monkey passages, with intermittent periods of life in 
Aedes aegypti and preservation in the desiccated state, approximately 6-1- years 
after its isolation. In Macacus rhesus this virus produces more than a 95 per 
cent, mortality from yellow fever 3 to 7 days after inoculation. For information 
regarding the pathogenesis of this strain reference should be made to the paper 
by Stokes, Bauer and Hudson (192S). A complete history of the Asibi virus 
utilized for cultivation, from the time of its isolation from Asibi to the beginning 
of cultivation, is summarized in Table 11. 

2. French neurotropic of 305 mouse brain passages : This is a strain 
of yellow fever virus originally isolated in December, 1927, by Mathis, Sellards 
and Laigret (1928) from a Syrian in Senegal. In 1929, after having undergone 
several monkev passages, the virus was adapted to mouse brain by Theiler 
(1930). 

3. French neurotropic of 105 mouse brain passages : This virus is of the 
same origin as the preceding but of considerably earlier mouse passage. The 
same strain of an approximately equal number of mouse passages has been 
used routinely with complementary immune serum for the immunization of 
man in these laboratories. For information regarding the pathogenesis of the 
second and third strains of source virus reference should be made to the papers 
by Lloyd and Penna (1933), Sellards (1931), Davis, Lloyd and Frobisher 
(1932), Findlay (1934), and Theiler and Hughes (1935). 

Method of Cultivation. — The methods of virus cultivation to be described are essentially 
similar to the technique used by Rivers (1931) and Rivers and Ward (1933) for the pro- 
pagation of vaccinia virus m vitro. The culture material was usually contained in Erlen- 
meyer flasks and consisted of three components : (1) the fluid medium — usually Tyrode’s 
solution containing 10 per cent, by volume of normal human or monkey serum ; (2) the 
tissue — small pieces of tissue made up of living cells ; (3) the virus component — ^virus- 
containing inoculum or supernatant fluid from the corresponding previous subculture. 

Tissues. — ^Alouse embryonic tissue was obtained from pregnant mice of a strain R 
susceptible to yellow fever virus. The abdomen of the pregnant animal was cleansed 
with iodine and alcohol ; the skin was reflected and the abdominal wall was washed with 
alcohol which was allowed to evaporate completely. The peritoneal cavity was incised 
with dr}^ sterilized scissors and the uterus removed intact to a sterile petri dish. The 
uterus was opened ; the foeti were taken out and washed four times in 0-9 per cent, sodium 
chloride solution. The whole embryos were minced together in fine pieces 1 to 2 mm. 
square with scissors or with a sterile mincing apparatus. 

Chicken embryonic tissue was obtained from eggs incubated 9 to 1 1 days at 37° C. 
by the method of Carrel and Rivers (1927). The embryos were washed four times in 
normal saline solution and minced in fine pieces. Chicken embryo dermis "was obtained 
by reflecting the skin from several embryos, washing in 0-9 per cent, sodium chloride 
solution and cutting in small squares with scissors. Chicken embryo brain was prepared 
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by dissecting the brain from the embryo with sharp scis.sors and forceps. Chicken embryo 
tissue without the central nervous system was obtained by widely cutting auay the brain 

and spinal column. , . , . ■ -i i * 

The testicular tissues of various animals were obtained m a manner similar to that 
which had been described for mouse embryos, care always being taken to remove the testes 
through the peritoneal cavity. 'Fhe susceptible Swiss strain of mice was used as source 
of testicular tissues. In order to lessen the chances of contamination from bacteria, testes 
from one mouse were used for each two flasks ; testes from one guineapig for each five 
flasks. All testicular tissues were minced with scissors. 

Fluid Medium. — Tyrode’s solution prepared according to the following formula 
and sterilized by filtration was used : NaCl, 8 gm. ; KCl, 0-2 gm. ; CaCI-, 0-2 gm. ; 
MgCU, 0-1 gm. •, NaHjPOi, 0-05 gm. ; NallCOa, M) gm. ; glucose, 1-0 gm. ; water to 
the amount of 1,000 c.c. Except in one scries of cultures where the ncurotropic virus 
was grown for long periods of time in a medium consisting only of minced chicken embryo 
tissue and Tyrodc’s solution, 10 per cent, of normal serum was always added to the 
Tyrodc’s solution immediately before filtration. The addition of tlie small proportion 
of serum permitted a longer survival of the extracellular virus. This factor w.as important 
since the supernatant fluid after sedimentation of the cells was employed throughout this 
work as source of virus. Normal serum taken from rhesus monkeys or man was invariably 
used after having been tested for the absence of protecting properties against yellow fever 
virus. 

Conlaiucrs . — 50 c.c. and 25 c.c. Evlcnmeycr flasks (Pyrex), visually the former, were 
routinely employed. A total of 5-0 c.c. of fluid was added to the larger flasks and 3-0 c.c. 
to the smaller. Wc have determined, however, that larger Erlenmeycr flasks of 250 c.c. 
capacity with correspondingly larger amounts of medium (25 c.c.) can be employed to obtain 
equally good virus multiplication. 

Preparation of Cultures. — Approximately 0-1 gm. of minced tissue was used for each 
5 c.c. of serum-Tyrodc solution. The tissue suspended in its own fluid, or, if necessary, 
in a little serum-Tyrodc solution, was added to the fluid medium, which was measured 
into each flask before the addition of the virus component. The virus-containing portion 
of the original cultures consisted of unfiltered infective monkey serum or filtered infective 
mouse brain suspension. It equalled l-O c.c. in amount in the 50 c.c. Erlenmeycr flasks 
and 0-5 c.c. in the 25 c.c. flasks. Subcultures were made by transfer of the supernatant 
fluid after sedimentation of the cells in centrifuge tubes from the old cultures to flasks 
containing new medium. The flasks were tightly stoppered with corks wrapped in lead 
foil to confine evaporation to the moist chamber within the flask. All containers were 
numbered and subcultures were always made from flask to flask of corresponding number. 
This practice in our experience has very rarely led to dying out of virus while it has insured 
greatly against the widespread bacterial contamination which is prone to occur when a plan 
of subinoculation from pooled cultures is followed. All cultures were incubated at 37° C. 
for 3 to 4 days before transferal. 

Tests for Sterility of the Cultures. — Careful inspection of the normally clear supernatant 
fluid was usually sufficient to detect any gross bacterial or mould contamination. In doubt- 
ful cases smear preparations were stained for bacteria ; and from all cultures from time to 
time OT c.c. of the supernatant fluid of each flask was inoculated in a tube of pneumococcus 
broth, which was incubated and subsequently searched for bacterial growth. 

Tests for the Presence of Virus. — At the time of each subculture the supernatant fluid 
frorn groups of five flasks was tested for infectivity by the intracerebral inoculation of groups 
of six mice. Both pantropic and ncurotropic strains of yellow fever virus regularly produce 
encephalitis in mice when inoculated into the brain. Occasionally each individual culture 
of a scries was tested for the presence of virus. At a time when the results could be read 
on such infectiv'ity tests occasional fl.-isks which did not show the presence of virus were 
discarded and replaced from actively growing cultures. Frequently the content of virus 
in the pooled supernatant fluid from a scries of cultures was approximately determined by 
the intracerebral inoculation of groups of mice with serial decimal dilutions of the culture 
fluid. The titre of virus in the supernatant fluid as determined by this method varied 
in different series and at different times from I0» to 10% usually being nearer the unner 
end of this scale. 
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Multiplication of the Virus in vitro. — Inasmuch as the virus was diluted five-fold in the 
first culture and underwent a five-fold dilution in each subsequent subculture, and since 
the blood serum or mouse brain suspension used as source of virus was not infectious in 
dilutions greater than 10_n, it soon became obvious that yellow fever virus was multiplying 
in each series of cultures. 

Further evidence of this kind was obtained early in the course of the cultivation 
c.vperiments bj" a daily titration of the amount of virus growing in flasks containing mouse 
embryonic tissue and serum-Tyrode solution at the time of the 22nd subculture in this 
medium. From each of a series of ten cultures, at 24 hour intervals for 8 days, 0-25 c.c. 
of the culture fluid was removed and pooled. The withdrawn fluid was replaced with 0-25 
c.c. of serum-Tyrode solution. The culture fluid pool at each daily interval was centrifuged 
and the supernatant fluid was made up in serial decimal dilutions from I/IO to 1/1,000,000 
in 10 per cent, normal monkey serum-Tyrode solution. In preparaing each dilution 
1-0 c.c. of the lower dilution was uniformly mixed with 9-0 c.c. of the diluent. A fresh 
pipette was always used for each successive dilution. Each dilution was inoculated in 0*03 
c.c. amounts intracerebrally into each of a group of six mice, which were observed for a 
period of 21 days. The titre of the virus in every specimen of supernatant culture fluid 
pool was indicated by the death of mice of typical yellow fever virus encephalitis in the 
higher dilutions. Readings of the titre for each 24 hour period in this experiment, as well 
as all later titres of either virus or antibody reported in this paper, were determined 
according to the method of Muench (1934)*, and are recorded always as whole numbers 
which represent the number of times to which the virus or antibody was required to be 
diluted to give an end point. In Graph 1 is illustrated the curve of virus concentration 
on successive days of cultivation in mouse embryonic tissue and serum-Tyrode solution. 
It can be readily learned from a study of the Graph that the concentration of virus after 24 
hours was 165, after 48 hours 3,000, after 72 hours 40,000, after 96 hours 40,000, after 120 
hours 4,500, after 144 hours 2,500, after 168 hours 3,000, and after 192 hours 1,400. 

Preservation of the Virus . — ^At frequent intervals, usually every five passages, during the 
cultivation of each strain, the virus was frozen and desiccated in vacuo in the solid state 
according to a method previously described for the preservation of yellow fever virus 
over long periods (Sawyer, Lloyd and Kitchen, 1929). The supernatant fluid from 
individual cultures or pools of cultures was diluted with an equal quantity of normal serum, 
human or monkey, and frozen and desiccated in 1 -0 c.c. amounts in Wassermann tubes. 
The tubes were removed from the desiccators when their contents were completely dry, 
sealed and stored at 4° C. Culture virus preserved and stored by this technique can be 
readily rehydrated by the addition of the amount of distilled water lost in evaporation 
and used as the source of new cultures. The method provides in the first instance a practical 
means of insurance against loss of strain by bacterial contamination, and in the second, 
the opportunity of reinvestigating or of utilizing the virus at any stage of the cultivation 
experiment. 


Cultivation of Pantropic Yellow Fever Virus. 

CULTIVATION IN EMBRYONIC TISSUES. 

Cultivation in Whole Mouse Emhryonic Tissue . — Mouse embryonic tissue 
is the only medium in which we have succeeded in securing an original “ take ” 
of the pantropic strain of virus of animal origin. After a varying number of 

*The method of Muench depends upon using as an end point in a titration either 
of yellow fever virus or of protecting serum antibodies the dilution at which half the mice 
survive and half die. From the mortality ratios or protection ratios of the groups of mice 
(according to whether virus or antibody respectively is being titrated) inoculated with the 
several dilutions, the theoretical dilution which would effect a 50 per cent, mortality is 
mathematically calculated. This calculated dilution is taken as the titre of the virus or 
antibody. 
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passages in mouse embryonic tissue, this virus has been transferred to, and 
grown with comparative ease in, other tissues such as chicken embryo and 
mouse testis. However, it has not been possible, in a limited number of 
attempts, to transmit the virus directly from the animal host to chicken embryo 
or mouse testicular tissue. It is probable that further efforts, attended by as yet 
unknown optimal conditions, might have been productive of original growth 
in such media. Although an initial attempt to cultivate the virus in mouse 
embryonic tissue and serum-Tyrode solution in Erlenmeyer flasks resulted in 
loss of the virus in the second subculture, a second experiment utilizing the same 
technique readily effected propagation of the strain which has now been grown 
for 50 passages in quadruplicate series and for more than 130 passages in 
duplicate series. 

During the prolonged period of culivation in vitro the mouse embryonic 
tissue strains have shown a progressive diminution in their virulence for the 
entodermal and mesodermal tissues of Macaais rhesus, but an unaltered or 
slightly diminished virulence for nervous tissues. On the other hand, when 
inoculated intracerebrally in mice the virus constantly produced encephalitis 
with the characteristically prolonged incubation period of the original pantropic 
virus of monkey origin. 

Cultivation in Whole Chicken Embryonic Tissue. — In one series of cultures 
of the pantropic virus in mouse embryonic tissue and serum-Tyrode solution, 
whole chicken embryonic tissue was substituted for mouse embryo in the 
nineteenth subculture. This strain has now been carried in chicken embryo 
tissue for more than 130 additional subcultures (more than 150 subcultures in 
flask cultivation). 

Like the strain of pantropic yellow fever virus grown in mouse embryonic 
tissue the strain cultivated in chicken embryo has lost greatly in entodermo- 
tropic and mesodermotropic virulence with prolonged cultivation. The original 
neurotropic properties of the pantropic strain have shown no apparent alteration 
so far as can be determined by animal infectivity tests. 

Cultivation in Chicken Embryo Dermis. — After 28 subcultures in whole 
chicken embryo tissue and serum-Tyrode solution, chicken embryo dermis was 
substituted for whole chicken embryo as the cellular medium. This pantropic 
strain has now been cultivated for 31 passages in this restricted medium. Its 
pathogenesis in mice has not been noticeably different from that of the strain 
grown in whole chicken embryo. Its behaviour in monkeys has not been 
investigated. 

Cultivation in Chicken Embryo with Greater or Lesser Proportions of Nervous 
Tissue. — A strain of pantropic yellow fever virus which had been grown for 
56 subcultures in whole chicken embryonic tissue and serum-Tyrode solution 
■ was cultivated in parallel series for 27 passages in identical fluid media (serum- 
Tyrode solution) but in contrasting tissue cells— chick embryo brain and chick 
embryo tissue from which brain and spinal cord had been dissected away. 
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Rather surprisingly, the viruses of the parallel series, irrespective of the 
large or minimal amount of nervous tissue provided for growth and multiplica- 
tion, evinced an essentially, although not completely, similar behaviour in their 
pathogenesis for mice and monkeys. At the end of the period of cultivation 
both strains of this virus produced fatal encephalitis when inoculated intra- 
spinally in M. rhesus. The supernatant fluid from equal numbers of flasks (10) 
of each subculture of both strains of virus was inoculated intracerebrally in 
parallel groups of mice (usually 6, occasionall}’^ 60). The average period from 
inoculation of the virus to the death of the mice was computed for each strain 
for 27 subcultures. This interval varied from 6-7 to 9-0 days for the virus 
grown in brain tissue, and from 7-4 to 10-5 days for the virus grown in embryo 
tissue Avithout brain and cord. The average periods for the whole series were, 
however, closely similar, being ST days for the former and 8-4 da}’^s for the 
latter. 


CULTIVATION IN ADULT TISSUES. 

Cultivation in Mouse Testicular Tissue. — A strain of pantropic yellow fev^er 
virus, grown for 27 subcultures in mouse embryonic tissue, was used as source 
of virus for a series of cultures in adult mouse testicular tissue and serum-Tyrode 
solution. The virus grows well in the latter medium and it has now been carried 
through more than 110 passages. 

The strain of virus cultivated in mouse testicular tissue originating from an 
altered strain of pantropic virus has further lost in its ability to provoke fatal 
or even clinically recognizable yellow fever in the monkey. Its original neuro- 
tropic properties as evidenced by its inoculation into the nervous tissues of mice 
or monkeys have remained apparently unchanged. This strain of virus after 37 
subcultures in mouse testicular tissue m vitro was inoculated in the testes of 
living mice, through which it has been transferred at weekly intervals for more 
than 20 passages. At the time of the 10th passage virus was demonstrable in 
the testicular tissue in a titre of 220,000. Since a limited number of previous 
and contemporary efforts by ourselves and others to pass the original Asibi 
pantropic strain of the virus through the testes of living mice did not meet ivith 
success, this demonstrated multiplication m vivo may or may not be indicative 
of a greater or lesser amount of specific tissue adaption of the virus by the 
technique employed. 

Cxiltivation in Guineapig Testicular Tissue. — An originally pantropic strain 
of the virus, after cultivation for 27 passages in mouse embryonic tissue and 
41 passages in mouse testicular tissue, was transferred in the same serum- 
Tyrode medium to guineapig testicular tissue where it grew readily. This 
virus was lost in the 20th subculture through bacterial contamination from 
the guineapig tissue. The strain Avas re-established from the /0th subculture 
of the in vitro strain in mouse testis and has for a second time been passaged 
through 55 subcultures in guineapig testicular tissue. 



4B8 


VELLOW FEVER VIRUS. 


The characteristics of this strain as yet determined do not show appreciable 
differences from the pantropic virus grown in mouse testicular tissue. Iloth 
show the characteristically long incubation period for mice, when inoculated 
intracerebrally, of the parent mouse embryonic strain ; both produce encepha- 
litis in monkeys when introduced into the spinal canal, but fail to produce yellow 
fever when injected by extraneural routes. 

Attempts of Cultivation in Testicular Tissues of Resistant Animals— One 
attempt to transfer the pantropic strain cultivated for 35 subcultures in mouse 
testicular tissue to a similar medium in which albino rat testis was substituted 
for mouse testis resulted in loss of the virus after the second passage. 

In a similar effort to subinoculate the mouse testicular strain of 53 passages 
into rabbit testicular tissue suspended in the same fluid medium the virus 
did not survive beyond the first culture. Both the rabbit and the rat are animals 
resistant to inoculation of pantropic or neurotropic strains of yellow fever virus. 

CuLTiv.'^TioN OF Neurotropic Yellow Fever Virus. 

As controls on the cultivation experiments with pantropic strains of yellow 
fever virus two neurotropic strains, one of relatively early and one of relatively 
late mouse passage w'ere growm in vitro by techniques identical with or similar 
to those used for the cultivation of the pantropic viruses. Utilizing the methods 
described, and employing Erlenmeyer flasks, each of 3 attempts to grow' neuro- 
tropic strains of the virus in either chick or mouse embryonic tissue and serum- 
Tyrode solution met with success. 

Cultivation ' in Whole Mouse Embryonic Tissue. — The French strain of 
yellow fever virus after 305 passages in the brains of mice was grown for 55 
subcultures in a medium consisting of minced w'hole mouse embryo and serum- 
Tyrode solution. The strain as judged by its pathogenesis in mice behaved 
from the beginning to the end of the cultivation period as fixed neurotropic 
yellow' fever virus. Nevertheless, it should be noted that the period from 
inoculation to death in mice follow'ing the intracerebral injection of the cultivated 
neurotropic virus w'as on the average about 2 days longer than that of the original 
mouse passage virus. This w-as true during the beginning as w'cll as at the end 
of the period of cultivation. 

Cultivation in Whole Chicken Embryonic Tissue. — Tw'O neurotropic viruses 
have been cultivated. The French strain of yellow fever virus after 305 passages 
in mice was grown for 16 subcultures in a medium of minced chicken embryo 
tissue and serum-Tyrode solution, At this stage of the experiment the virus 
W'as lost through the occurrence of a uniform bacterial contamination. This 
cultivated strain was re-established in chicken embryo tissue at the 21st sub- 
culture from virus of the same origin grow'n for 20 subcultures in mouse 
embryonic tissue. It has now been cultivated for more than 140 passages in 
the same medium. The strain has behaved consistently from the beginning 
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to the end of the cultivation series as a fixed ncurotropic virus. At each sub- 
culture it was injected into the brains of mice, in which the period from inocula- 
tion to death was on the average 2-5 days longer than that of the corresponding 
virus of mouse passage. 

After 46 transfers in a medium of chicken embryo tissue and serum- 
Tyrode solution this neurotropic strain of the virus has been cultivated for 
more than 86 passages in a medium in which Tyrode’s solution was substituted 
for the serum-Tyrode solution. This virus has evidenced an essentially 
similar behaviour to the corresponding strain in chicken embryo tissue and 
serum-Tyrode solution. 

A second strain of the French neurotropic virus, cultivated after 108 
passages in mouse brain has been grown for more than 120 subcultures in a 
medium of chicken embryo tissue and serum-Tyrode solution. Although 
this cultivated strain of virus, when inoculated intracerebrally at each subculture 
into mice, has behaved as a relatively fixed neurotropic virus, the average period 
from inoculation to death throughout the series has been 1 to 1-5 days longer 
than those of the more fixed (305. mouse passages) neurotropic strains cultivated 
in the same medium. Moreover, this average period is 3 days longer than that 
of the original mouse passage strain (108 mouse passages). 

Cultivation in Chicken Embryo mth Greater or Lesser Proportions of Nervotis 
Tissue. — The strain of neurotropic yellow fever virus which had been cultivated 
after 108 mouse passages and grown for 46 subcultures in whole chicken embryo 
and serum-Tyrode solution was propagated in parallel series for 27 passages 
in the same fluid medium but in different tissue cells — chicken embryo brain 
and chicken embryo from which the brain and spinal cord had been dissected 
away. The viruses of the parallel series, despite the great differences in the 
amount of nervous tissue provided for growth, showed no great variation 
in their pathogenesis for mice when inoculated intracerebrally. The average 
period from inoculation to death was 7-5 days for the virus cultivated in 
chicken embryo wdthout brain and cord tissues and 7*1 days for the virus grown 
in chicken embryo brain. 

Pathogenesis in Animals of Cultivated Strains of Yellow 

Fever Virus. 

PATHOGENESIS OF PANTROPIC YELLOW FEVER VIRUS CULTIVATED IN MOUSE 

EMBRYONIC TISSUE. 

Since all strains of cultivated virus were inoculated intracerebrally in 
mice at the time of each subculture, a comparative study of the period from 
inoculation to death during all stages of each cultivation experiment gives a 
rather reliable index of the degree of neurotropism of each virus. 

In Table I are summarized the average inoculation — death periods of the 
five principal cultivated strains for each 10 passages during 100 or more sub- 
cultures in the selected medium. Averages are not recorded more frequently 
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than the 10 passage intervals for the reason that marked variations occur from 
subculture to subculture dependent for the most part upon differences in 
quantity of virus. 

The pantropic strain of yellow fever virus at the time of the commencement 
of its cultivation in mouse embryonic tissue showed an average inoculation- 
death period in mice of ± 10-0 days. As may be observed from consulting 
Table I, the corresponding periods for the first three 10 passage averages were 
10-8, 10-9 and lO-S days. Commencing with the 28th subculture the period 
of incubation of all cultures was changed from 7 to 3 or 4 days. A study of 
Graph 1 will reveal the fact that such a change in cultivation technique would 


GRAPH 1. — MULTIPLICATION OF YELLOW FEN'ER VIRUS IN FLASK CULTIV.ATION. 



usually result in the inoculation of about 13 times as much virus in each 
infectivity test. In close correspondence with this change, the inoculation — 
death period after the 27th subculture was consistently shorter, the 10 passage 
averages varying between 8-6 and 9-7 days. The important fact which may 
be learned from these data is that there was neither significant increase nor 
decrease in the inoculation — death period during the time of cultivation. Con- 
sidering this criterion alone the property of neurotropism of the original 
pantropic virus appears unaltered. 

Although infectivity tests in mice yield information which is most valuable 
because it can be based upon the results of behaviour of the virus in very large 
numbers of animals, it was believed that for the purposes of this study the 
observations upon the pathogenesis of the virus in Macaciis rhesus offered oppor- 
tunity for a broader appreciation of its biological properties and a closer analogy 
to the conditions which might obtain in man. Admitting that man is an animal 
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'1 ABLE I. 

AVERAGE DURATIONS OE PERIOD FROM INOCULATION TO DEATH IN MICE OF VARIOUS 
CULTIVATED STRAINS OF YELLOM’ FEVER VIRUS. 






.Strain of Virus. 



Number 
of sub- 
cultures. 


Pantropic. 


1 

1 

Neurotropic. 




1 

Earlier mousef 

Later mousej 

Later mousef 


Mouse 

Chicken 

Mouse 

passage virus 

passage virus 

passage virus 


embryo. 

embryo. 

testis. 

in chick 

in chick 

in mouse 





embryo. 

1 

embryo. 

embryo. 

0-10 

10-S 



! 

/ *.) 

0-3 

0-9 


(io-o)§ 




(3'7)§ 

(3-7)§ 

11-20 

10-9 



7-8 

0-3 

5-9 

2i-:in 

lO-o 

9-9 


, ''-3 

O'l 

0*7 

.‘51-40 

8 -8 

s-r, 

9-0 

7-8 

(i'O 

O'l 

41-o0 

8-0 

9-0 

8-7 

7*.*} 

O'l 

.7 -9 

.Tl-GO 

S-(! 

7-9 

S'O 

7*5 

O'O 


01-70 

9-2 

9-4 

8-2 

7*7 

0'.-> 


71-80 

9-7 

8-7 

8'G 

7-8 

O'O 


81-90 

8-9 

8-0 

1 8-8 

7-9 

O'O 


91-100 

8-9 

S'-) 

8-9 

1 8-0 

0-8 


101-110 

9-1 

8-7 

9-4 


0-9 


111-120 

9-0 

S'O 

9-1 


7-0 


121-130 


8-4 

9'6 

' 

0-3 


131-140 



9-4 

1 

1 


1 


Explanation : * Time in dat's. 

f lOS mouse passages. 

J .SOo mouse passages. 

§ Average period from inoculation to death for source I'irus used for cultivation. 

less susceptible to yellow fever virus than is the experimental animal M. rhesus, 
interpretation of results obtained in the monkey when applied to man should 
provide criteria conservatively safe for further investigation of the behaviour 
of a modified form of the virus used in human prophylaxis. 

In Table III are summarized the results of the extraneural inoculation of 
M. rhesus at various stages of the cultivation experiment with the originally 
pantropic virus cultivated in mouse embryonic tissue and normal monkey 
serum-Tyrode solution. All animals of the series recorded in Table III were 
proven susceptible to yellow fever virus, before inoculation, by the demonstration 
of the absence of protecting antibodies in their blood. 

Before studjdng Table III it is important to remember that the pan tropic 
virus of Asibi strain used as source of virus for the cultivated strain under con- 
sideration is one which during monkey to monkey passage kills more than 
95 per cent, of animals. 

E 
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The essential data relative to the behaviour of the Asibi strain of pantropic 
virus in M. rhesus during the 6?, years from its isolation from Asibi to its 
cultivation in mouse embryonic tissue are summarized in Table II. Although 
frequently interrupted in its animal passage, the virus during this period was 
transferred with intermittent periods of life in mosquitoes and preservation 
in the dried state through 53 passages in rhesus monkeys. Irrespective of 
whether the transmission was effected biologically by mosquitoes or artificially 
by syringe inoculation of blood or serum, all of 59 rhesus monkeys so inoculated 
died of yellow fever. Five animals in the series which would in all probability 
have died were prematurely killed. Once an American monkey, Cchtis 
fatuellus, relatively resistant to the virus, was used for passage. The total 
calculated period of life in M. rhesus before cultivation was 167 days. 

A critical review of the results recorded in Table III will reveal the fact 
that the pathogenicity of the virus during the cultivation experiment may be 
described separately during four periods. 

Arbitrarily the first period may be limited to the behaviour of the virus 
for the first 10 subcultures, during which time it killed two monkeys of yellow 
fever when the virus of the 5th and 10th subcultures was inoculated. It is, 
however, worthy of consideration that while the animal receiving the fluid 
from the 5th subculture died as promptly of yellow fever as if it had been inocu- 
lated with the monkey passage virus, the animal injected with the 10th subculture 
survived 3 days longer. 

In the second period is included the pathogenesis of the virus from the 15th 
to 25th subscultures, during which time it killed 5 of 10 monkeys of yellow 
fever, but equally permitted 5 animals to escape death and attain demonstrable 
immunity. 

In the third period is considered the behaviour of the virus between the 
25th and 45th passages in cultivation. It is significant that during this time only 
1 of 9 monkeys inoculated with the passage virus succumbed to yellow fever, 
while 8 survived and attained immunity. 

In the fourth period are included all animals inoculated with the virus 
of various passages in mouse embryonic tissue from the 49th to the 109th sub- 
cultures. Although in all of these virus was recovered from the blood stream 
on 2 or more days during the first week following inoculation, 3 of the 17 
monkeys inoculated during this period suffered no febrile reaction. The 
remaining 14 showed fever but in most instances of short duration. Both the 
duration of fever and the incidence of febrile attacks were less towards the 
end of the series. None of the 17 presented clinical signs of illness. All 
animals were subsequently demonstrated to be immune to yellow fever. As 
evidence against an increased degree of neurotropism m the cultivated virus 
is the fact that no animal in this series developed yellow fever virus encephalitis. 

The results of the inoculation of 714", rhesus by neural routes with the 
virus cultivated in mouse embryonic tissue and normal monkey serum- Tyrode 
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solution are sliown in Table IV. The volume of culture fluid used as an 
inoculum was invariably 0-5 c.c., although the quantity of virus varied as is 
shown in the table. All monkeys used in this series exhibited no protecting 
antibodies for yellow fever virus in their sera at the time of inoculation. As 
may be seen from an examination of Table IV, all of three monkeys, inoculated 
intracerebrally with the virus grown in mouse embryonic tissue of the 35th 
and 82nd subcultures, died with the lesions of yellow fever virus encephalitis. 
It is, however, worthy of note that two of these animals showed histologically 
the specific liver lesions of yellow fever. Because of the absence of cerebral 
injury intraspinal inoculation offers a less crucial test of the neurotropism 
of a strain of yellow fever virus than does intracerebral inoculation. Of 10 
monkeys injected in the spinal canal with the virus-containing culture fluid 
of various passages, 2 out of 3 inoculated with the virus of the 45th sub- 
culture died of yellow fever ; one injected with the virus of the 76th passage 
died of yellow fever virus encephalitis, while 7 animals experienced febrile 
reactions varying from 0-5 to 4-5 days in duration, but recovered. All intra- 
spinal inoculations were made certain by the previous withdrawal of clear spinal 
fluid before the injection of virus. Three of the monkeys inoculated with the 
virus of the 76th subculture were clinically very ill, but recovered. The 
remaining 4 animals of the 10 inoculated intraspinally were without signs of 
evident illness. In 6 monkeys of this series the course of circulating virus 
in the blood was followed by bleeding the animals on alternate days for 8 days 
and inoculating the serum intracerebrally in mice. In all these monkeys 
virus was recoverable from the blood from the 2nd to 5th days following 
inoculation. It was usually present in smaller quantities on the 6th and 7th 
days. In Table IV, the amount of virus demonstrated in the serum taken on 
a given day is approximately indicated by the mortality ratio in a group of 
usually 6 mice injected with the undiluted serum. All monkeys which survived 
intraspinal inoculation were tested for immunity either by the titration of 
protecting antibodies in mice or by subsequent inoculation of virulent pan- 
tropic virus or by both methods. In 5 recovered animals in which the serum 
antibodies were titrated one month following inoculation, the titre was 256 
or greater (Muench method). The results recorded following the intraspinal 
inoculation of M. rhesus with the pantropic virus cultivated in mouse embryonic 
tissue stand in striking contrast with those reported by Lloyd and Penna 
(1933), following the inoculation of monkeys with “ fixed ” neurotropic virus 
by the same route. These workers observed a uniform fatality in all of 23 
monkeys receiving the neurotropic virus intraspinally. For purposes of com- 
parison the essential data of these results are summarized in Table V. 

While the original strain of pantropic yellow fever virus cultivated 
in a medium of mouse embryonic tissue and normal monkey serum-Tyrode 
solution which has been described above has evinced consistently a degree of 
neurotropism not greater than that of -the original pantropic virus of animal 



494 



L12 12 blood LU l-O S.C. , 2 1-5 OY.F. 



























LI4 14 blood L13 1-0 S.C. 2 1 3Y.F. 


WRAY LLOYD, MAX THEILER AND N. I. RICCL 


495 



{Cebi/s 

faiuellus)X 






























































496 


YELLOW FF.VER VIRUS. 
























WRAY LLOVn, MAX TIIEILKR AND N. J. RICCI. 


497 


o o o 

o 

c 

0 

o 

0 

o 

O O 

0 

o 


c c c 

c 

c 

c 

c 

c 

c 

C C 

c 

c 


— 


-- 

-- 





•3 


"0 












fa fe 



d 

tE 


u.’ 

t. 

= 

fc 


Jh >-( >H 











»0 fC 

CO 

ift 

1ft 

Ift 


Ift 


Ift C7 

Ift 

ft] 


1ft 

ift 

1ft 



Ift 

1- i-i 




r-< O 

o 

6 

6 



6 

o o 

^ 1 


) 

fO fC fM 

Cl 

CO 

CO 

Cl 

Cl 

CO 

Cl Cl 

01 Cl 


ftl 

u d d 

d 

d 

d 


cC 

. 

a. 

d d 

oi PL,’ 

d 

d 

U3 cn vi 

oi 

CO 

CO 

l-H 

)-H 

Wh 

co’ CO 

Hi Hi 

CO 

CO 

1ft 


■*+ 


9 

'0 

>ft 

o eft 

tft Ift 

1ft 

Ift 

o o o 

6 

6 

6 

f-H 


o 

i = 

O 3- 

o 

6 













c> 

o 

|oH 









Cl 

CO 

CO 


to 






m 

CTJ 

c/: 

CO 


CO 






•f— •+- •> 





r- 




4- 


CO CO 1ft 

00 

o 

o 






O 


ft! 01 01 

Cl 

Cl 

CO 


3 



CO CO 

CO 


CO cfi cfi 

cn 

CO 

CO 





CO CO 

c/:5 


^ ^ ^ 



f 


« ir 

-f- 


_ 



Cl Cl 

!>. 

cc 

C3 

Cl 



Ift Ift 

eft eft 

CO 

o 

Cl Cl Cl 

Cl 

Cl 

Cl 

CO 


CO 

CO CO 

CO CO 

CO 

-f* 

:/} CO U7 

CO 

CO 

CO 

CO 

C3 •. 

CO 

CO CO 

CO CO 

c /2 

CO 

EES 

E 

E 

£ 

S 

Ss 

£ 

E E 

S S 

E 

E 

3 3 3 

3 

3 

3 

3 

2 Sa 

3 

3 3 

3 3 


3 


u 

lu, 

>-( 

u. 


(-« 

iM L> 

u. u 

u 

lx 


w 

CJ 

CJ 

V 


CJ 

a> o 

O CJ 

U 

o 

WWW 

w 

w 

w 

w 


w 

w w 

w w 

w 

w 

CO CO CO 


Jft 

O 


03 

o 

o o 

«— 1 —1 

oi 

CO 

'C 'C 






”0* 

Ift 1ft 

Ift Ift 

>ft 

1ft 











oco 

f- CO C5 

O 

(OH 

Cl 

CO 

-1^ 

1ft 

eft 

00 o 

eft 


Cl Cl Cl 

CO 

CO 

tfO 

CO 

CO 

CO 

CO CO 

CO CO 



in tn tn 

t/} 

CO 

CO 


CO 

to 

CO CO 

CO CO 

CO 

c/} 


.Si 

‘u 

a 


o 


o 

c 


o 

V 


o 

•V 

V 


8 

CJ 


cc . 
V -a 

-o o 


Q O 


'p E 

^ *n 

OJ 

LT S' 

oJ 

"§ c 

5 .£ 

4 3 

O ^ 


c 

o 


Ui 

a; 

£ 

’> 

3 

O 

3 

lx 

> 

c 

rt 

(4x 

O 

u 

C 

C3 

o 

4X 

*w 

o 


o 

*(x 

ej 

o 

4X 

3 

CJ 

a 

*3 

3* 

.2 

&l 

c 

u 

3 

u 

£ 

w 

O 


u 

O 

3 

c 



< 

C/} 

C/) 

HH 

s 




O 

aJ 



+4 

too 

cn 

t— • 





< 5 ^ 


408 


YEl.LOW FEVER VIRUS. 



W18 
















































































500 


YELLOW FEVER VIRUS, 











W44t 7G 1,700MLD. 


W'RAV LLOYD, ATAX THEILER AND N. L RICCI. 


501 



c 

o 


<D 

a 

C3 


U 

ci 

o 

C^J 

E 




TD 


2 _• 
^ « 
p c 

*-« *«N 

o a 

C9 T3 


ti o 




O 0} . 

H c 


3 

o 

£ 


tX) o 
C 

*ZJ o 
cs w 

3 •§ 
y ^ 


^ u 

'o ^ 

y 

y ^ 
w 5 ^ 
C E ^ 

O .t5 O 

w n 
•y 


> S. 

lE o 


^ 3 




p >. . 
j t. fc. 

s >«■ >-' * 






/ 













































502 


YELLOW lEVEll VIULS. 


Table V. 

PATHOGENESIS OF NEUROTROPIC YELLOW FEVER VIRUS FOR M. rllCSIlS WHEN INOCULATED 

BY NEURAL ROUTES. 



Inoculum of virus 
intraspinally. 

Febrile reaction. ! 

1 

1 

Final result. 

Death. 

1 

1 

Days to ' Cause of j Recovery, 
death. death. i 

Monkey 

number. 

1 

Source. • Amount 

in c.c. 

1 Total 
Days to 1 days of 
fever. | fever. 

B1 

B-N filtrate i 0-r> 
mouse brainf 

5 

3 ' 8 1 Y.F.V.t , no 

encephalitis ' 

B2 

B-N filtrate 1 0-.=5 

mouse brainf 1 

0 

2 ' 8 1 Y.F.V. 

! ' encephalitis 

1 1 

no 

B3 

B-V filtrate 1-0 

brain B1 

G 

1 1 

2(8; Y.F.V. 
j encephalitis 

no 

B4 

B-N filtrate ! O..') i 7 

brain B2 j 

3 ' 10 1 Y.F.V. 

' encephalitis 

■ 1 

no 

B5 

B-N filtrate j 1-0 j .7 

brain B3 j 

2-.-) 8 Y.F.V. 

' encephalitis 

no 

BG ! B-N filtrate j 

1 brain B4 j 

0 0 

3 

2 8 

Y.F.V. 

encephalitis 

no 

' 1 

B7 1 B-N filtrate i 

' brain B5 j 

O-.j 

7 

1 

1 

2-5 10 

Y.F.V. 

encephalitis 

no 

1 

B8 ' B-N filtrate 

1 brain B~ 

1 

1 

0-5 1 G 

i 

1 

3 9 

Y.F.V. 

encephalitis 

no 

B9 

i B-N filtrate 

1 brain B8 

0 5 

j 2 

i 

5-5 1 9 

Y.F.V. 

encephalitis 

no 

BIO 

B-N filtrate 
brain B8 

0*5 

3-5 

4-5 10 

Y.F.V. 

encephalitis 

no 

Bll 

B-N filtrate 
brain B9 

0-.5 

o 


Y.F.V. 

encephalitis 

no 

B12 

1 B-V filtrate 
j brain BIO 

0-5 

12 

3 

1 15 

Y.F.V. 

encephalitis 

no 

B13 

B-N filtrate 
brain Bll 

0-r, 

5 

2-5 

8 

1 

Y.F.V. 

encephalitis 

no 
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Tablh V {continued). 


Monkey 

number. 

1 

Inoculum of virus 1 Febrile reaction, 

intraspinally. I 

Final result 

Death. 

Recovery. 

Source. 

1 

Amount 
in c.c. 

Days to 
fever. 

days of 
fever. 

Days to 
death. 

Cause of 
death. 

B14 

B-N filtrate 
brain B13* 

2-r) ' ; 1 0 

1 : i 

: ; 1 

y.F.v. 

encephalitis 

no 

Blu 

B-N filtrate 
brain B14 

0-.7 ' G , .7 

, 1 

1 1 

n 

Y.F.V. 

encephalitis 

no 

BIO 

B-N filtrate 
brain Bl/i 

1-0 4 4 

0 

Y.F.V. 

encephalitis 

no 

BI7 

B-N filtrate 
brain BIG 

1-0 i 2 .-> 

7 

Y.F.V. 

encephalitis 

no 

B18 

B-N filtrate 
brain B17 

2-() .•{ 

.•to 

7 

Y.F.V. , 
encephalitis 

no 

B19 

B-N filtrate 
brain B18 

1*0 

1 

■ 

7 

Y.F.V. no 

encephalitis ; 

L25 

B-N filtrate 
brain B18*' 

2*0 

5 

■ 

8 

Y.F.V. 1 no 

encephalitis , 

L20 

B-N filtrate 
brain L25 

1-0 ; 5 

1 

1 

C 

12 

Y.F.V. . no 

encephalitis j 

L27 

B-N filtrate 
brain L20 

1-0 G 

1 

O 1 () 

i 

Y.F.V. j no 

encephalitis 

L28 

B-N filtrate 
brain L27*' 

O-G 

10 

1 

12 

Y.F.^^ 1 no 

encephalitis 


E xplanntion : * Desiccated. f French strain of 148 passages in mice. 

B-N Berkefeld N filter. J Yellow fever virus encephalitis. 

B-V Berkefeld V filter. 


passage, a variant of this cultivated strain, grown since the 6th subculture in a 
medium of mouse embryonic tissue and normal human serum-T}Tode solution 
has evidenced in mice a constantly shorter average inoculation — death period. 
Moreover, the human serum strain inoculated both intraspinally and intra- 
peritoneally in two monkeys at the lOlst subculture killed both animals of 
yellow fever virus encephalitis in 10 and II days respective!)". Each of these 
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animals received 0*5 c.c. of the culture fluid (titrc in mice 100) in the spinal 
canal and 2-0 c.c. in the peritoneal cavity. Both animals died of yellow fever 
virus encephalitis, but one presented the additional lesions of confluent lobular 
pneumonia, and the other showed the concomitant pathology of acute miliary 
tuberculosis, pulmonary tuberculosis, and tuberculous bronchial lymphadenitis. 
The two monkeys, bled on the 2nd, 4th and 6th days, showed small amounts 
of circulating virus, and virus was recovered from the brain of each^ at death. 
The significance of these variations in a parallel mouse embryonic tissue strain 
is important although its interpretation is not clear, and such observations 
indicate the need of a careful experimental analysis of the degree of neurotropism 
of any strain of yellow fever virus modified in the laboratory. 

In a further effort to test the virulence of the pantropic virus cultivated 
in mouse embryonic tissue, 0-5 c.c. of the supernatant fluid from the 84th 
subculture was inoculated intraperitoneally in a hedgehog (Erhiacctis ciiropacus), 
a species demonstrated completely susceptible to yellow fever virus by Findlay' 
and Clarke (1934). The hedgehog, after a short clinical illness of 2 days’ 
duration, characterized chiefly by anorexia and muscular weakness, died 10 
days after inoculation with the gross and microscopic lesions of yellow fever 
in liver, kidney and stomach. The liver showed widespread fatty degeneration 
and irregular hyaline necrosis, the kidney cloudy swelling, and the stomach 
profuse haemorrhage from the mucosa. Although the brain revealed no 
evidence of encaphalitis, by ordinary staining methods, virus was recovered 
from the brain at death. 

Although the work of Theiler (1930), Penna (1935), Theiler and 
Hughes (1935), and others has served to demonstrate the original degree of 
neurotropism present in the pantropic yellow fever virus, the neurotropism 
of this strain is usually not demonstrable by inoculation extraneurally in man or 
Macacus rhesus. When the pantropic virus is inoculated intracerebrally 
in mice they die of yellow fever virus encephalitis (Theiler, 1930). If the 
pantropic virus is inoculated intracerebrally in M. rhesus, the monkey dies of 
yellow fever and the reason usually given is that the monkey dies too quickly 
of the lesions of yellow fever in viscera other than the brain for encephalitis 
to progress to fatal issue. However, Penna (1935) and later Findlay and 
Stern (1935) have shown that if monkeys are inoculated intracerebrally with the 
pantropic virus, and are at the same time protected against the “ viscerotropic ” 
effects of the virus by the simultaneous injection of immune serum they develop 
encephalitis. Similarly, Theiler and Hughes (1935) were able to produce 
fatal encephalitis in the African green monkey [Lasiopyga callitrichus) by the 
intracerebral inoculation of pantropic virus, although members of this species, 
as shown by Bauer and Mahaffy (1930), do not become ill of yellow fever 
when the virus is introduced extraneurally. 

Since our experience with the pantropic strain of virus cultivated in 
mouse embryonic tissue indicated that it was possessed of lesser viscerotropisni 
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and a not greater neurotropism than the original strain, it was considered 
advisable to passage this strain rapidly through rhesus monkeys in order to 
determine (1) whether this procedure would bring about an increase of virulence 
for M. rhesus and (2) if an increase of virulence were provoked whether it 
would manifest itself in an augmentation of its viscerotropic or its neurotropic 
properties. Accordingly 30 monkeys were inoculated intraperitoneally in 
series uniformly with 2-0 c.c. of blood or serum. The first animal received 
2-0 c.c. of pooled supernatant fluid from the 92nd subcultures of the pantropic 
virus in mouse embryonic tissue and normal monkey serum-Tyrode solution. 
The succeeding animals in the series usually received the 3rd day whole 
blood or serum of the preceding passage monkey. On four occasions the 
transfer was made with the 2nd day blood or serum and in five instances 
rehydrated dried serum-containing virus from the preceding passage animal 
was used as the inoculum. In all other instances direct inoculation of the 
freshly withdrawn blood was made from monkey to monkey. In Table VI 
are summarized the essential data of this experiment. Each monkey, if survival 
permitted, was bled from the saphenous vein on the 2nd, 3rd and 4th days 
following inoculation. At this time a portion of the separated serum was 
frozen and desiccated in vacuo so that any yellow fever virus in the fluid 
might be preserved. Correspondingly a group of mice was always inoculated 
intracerebrally with the serum. Since cultivated strains of yellow fever virus 
are principally recoverable from the blood stream of monkeys on the 2nd, 3rd, 
and 4th days following intraperitoneal inoculation, the technique adopted 
yielded positive information of the course of infection in all animals. 

Throughout the series virus was isolated from the blood stream of surviving 
monkeys on the 2nd, 3rd and 4th days following inoculation. From -the 
beginning to the end of the experiment the virus injected intracerebrally in 
mice behaved as pantropic yellow fever virus — that is to say, it was characterized 
b)^ a long inoculation — death period and by a long morbidity period. An 
examination of Table VI reveals the fact that the first four animals in the series 
experienced slight, slight, moderate, and no febrile reactions respectively. All 
four remained apparently well. The 5th and 6th monkeys died of yellow 
fever, the fifth 7 days and the sixth 5 days after inoculation. The liver 
parenchymal necrosis was both more intense and more complete in the 6th 
passage animal. From the 7th to the 13th transfer of the virus no monkey 
presented fever or clinical illness, although all animals showed circulating 
virus on the 2nd, 3rd and 4th days following inoculation. The 14th, 16th, 
19th, 22nd, 26th, 29th, 30th passage animals suffered fever but recovered, 
while the 20th, 21st, 25th and 27th monkeys in the series died of yellow fever. 
Fever occurred in only 10 of the 24 surviving animals. All monkeys, except 
the six which died of yellow fever were later demonstrated to be immune to the 
virus. In summary it may be said that the virus behaved for 30 serial passages 
in monkeys as a pantropic strain of reduced viscerotropic properties. The 
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Tabu- VI. 

PATHOGENESIS OF PANTROPIC YELLOW FEVEU VIRUS CULTIVATED IN MOUSE EMBUAONIC TISSLT-, I-OR 
M. rhesus WHEN inoculated EXTRANEURALLY for serial PASSACla. 
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Explanation : * RchyUratcd virus from desiccated state. 
- ■ " » Presence of circulating virus, 
t Inoculated uniformly with 2-0 e.c. 
intraperitoneally. 


Y.P. Yellow fever. Present, 

nil No reaction, 
i Days to death recorded before 
cause of death. 


irregular deaths of the 5th, 6th, 20th, 2lRt, 25th and 27th passage animals from 
typical yellow fever are difficult to interpret but may perhaps be best e.xplaincd 
as due to a slowly increasing virulence in the pantropic yellow fever virus 
provoked by rapid passage through the completely susceptible Macacus rhesus. 
With a slowly increasing virulence it might be anticipated that great variations 
in its apparent effects in susceptible monkeys would be observed. WOiile a 
highly virulent strain might kill all monkeys and a strain of low virulence no 
monkeys, it is to be expected that with strains of intermediate virulence, the 
more susceptible animals would succumb to the disease, the less susceptible 
would exhibit fever or slight illness, and the least susceptible would remain 
clinically well. The behaviour of the virus in its later passages through monkeys 
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very closely parallels the behaviour of the same virus in M. rhesus during its 
earlier subcultures in mouse embryonic tissue (cf. passages 20 to 30 in Table VI 
with subcultures 15 to 25 in Table III, p. 498). It is a significant fact, worthy of 
emphasis, that the only deaths provoked by the virus in monkeys were due to 
yellow fever and not to yellow fever virus encephalitis. This is good evidence 
of the production of a strain of lesser pantropic virulence without increase of 
neurotropic virulence. Correlative evidence on this point has been obtained 
by Theiler (1935) who has been able to demonstrate that similar extraneural 
serial passage by blood transfer of the neurotropic virus through 20 passages 
in M. 7‘hesus, although it at no time produced yellow fever in the experimental 
animal, killed by yellow fever virus encephalitis 5 of 16 monkeys in which the 
infection was allowed to run its full course. Thirteen of these 16 animals 
showed fever of an average duration of 3-8 days. 

PATHOGENESIS OF PANTROPIC YELLOW FEVER VIRUS CULTIVATED IN 
CHICKEN EMBRYONIC TISSUE. 

The Strain of pantropic yellow fever virus cultivated in chicken embryo 
tissue originated from the parent mouse embryonic virus after 18 subcultures 
in mouse embryonic tissue. The pathogenesis of this strain for mice is 
summarized in the results recorded in Table I (p. 491). Excepting the first 10 
passage average which is based on a period in which the virus was inoculated 
in mice after 7 days’ incubation instead of the usual 3 to 4 day interval, the 
average inoculation — death period for these animals showed no significant 
increase or decrease during the course of the cultivation experiment. On 
the other hand, the virulence of the strain for mice following intracerebral 
inoculation corresponded closely both with the other cultivated strains of 
pantropic virus and with the parent pantropic strain of monkey origin. A 
strain of pantropic virus grown for more than 30 subcultures in chicken embryo 
dermis did not show during this time an appreciably different pathogenesis 
for mice from that of the virus in whole chicken embryo tissue. 

The pathogenesis of the chicken embryo strain of pantropic virus for 
M. rhesus was tested on only one occasion. The pooled supernatant fluid 
from the 89th subculture containing virus of a titre of 1000 for mice, was 
inoeulated into 9 monkeys. Each animal showed an absence of protecting 
antibodies in its serum at the time of injection. Three of the monkeys 
received 0-5 c.c. of the culture fluid in the spinal canal ; three others received 
0-5 c.c. of the culture fluid intraspinally as well as 2-0 c.c. intraperitoneally ; 
finally three animals were inoculated with 2-0 c.c. of the culture fluid in the 
peritoneal cavity. Each monkey in the series was bled from the vein on 
alternate days from the 2nd to the 7th and virus was demonstrated in 
the circulating blood of each animal for the greater part or all of this period. 
All monkeys with the exception of one inoculated both intraperitoneally and 
intraspinally, and two of the three inoculated intraperitoneally suffered febrile 
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attacks commencing 3 to 6 days after inoculation and lasting for 2 to 6 days. 
Each monkey which received virus in the spinal canal died in 10 to 14 days 
of yellow fever virus encephalitis proven by the clinical symptomatology, the 
isolation of the virus from the brain at death and the demonstration of the 
histological lesions of the disease. One of the three animals inoculated 
intraperitoneally suffered fever from the 3rd to the 7th day and died on the 
16th day after inoculation with the lesions of general miliary tuberculosis, 
recovering yellow fever and yellow fever virus encephalitis. Although this 
animal showed no signs of encephalitis during life, virus was recovered from the 
brain at death and microscopical examination of the nervous system revealed 
scattered ganglion cell degeneration. The serum of this monkey showed 
protecting antibodies to a titre of 13 at the time of death. The two monkeys 
w'hich sundved intraperitoneal inoculation of the virus were demonstrated 
after 24 days to have serum antibody titres of 10 and 64 respectively. They 
were also shown to be immune to test inoculation with virulent pantropic 
virus. 

PATHOGENESIS OF PANTROPIC YELLOW FEVER VIRUS CULTIVATED IN 
MOUSE TESTICULAR TISSUE. 

The strain of yellow fever virus grown in adult mouse testicular tissue 
and normal human serum-Tyrode originated from the parent mouse embryonic 
strain after 27 subcultures in mouse embryonic tissue. The pathogenesis 
of this strain for mice is summarized in the results recorded in Table I. 
A more detailed record of the average inoculation-death periods for each sub- 
culture for 100 passages in this medium is shown in Graph 2. The 0 subculture 
recorded in the Graph is the 28th passage of pantropic virus in flask cultivation 
and for purposes of comparison the latter method of recording is used in 
Table I. Although the virus showed no significant alteration in the degree 
of neurotropism for mice as measured by the inoculation-death period during 
the first 60 subcultures (87 subcultures in Table II) a critical examination of 
both Table I and Graph 2 will demonstrate that in the latter 40 passages the 
existing trend is towards a prolongation of this period. 

At the time of the 42nd subculture of the virus in mouse testicular tissue 

GRAPH 2. — NEUROTROPISM FOR MICE OF VIRUS CULTIVATED IN TESTICULAR TISSUE. 
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and the 69th passage of flask cultivation the degree of neurotropism of tlie 
cultivated virus was compared with that of the pantropic virus of Asibi strain 
used as source for the cultivation experiments, iln exact comparison was 
possible because the original source virus of monkey passage was available 
through preservation in the dried state. The cultivated strain and the original 
Avere passaged regularly through the same strain of mice for twenty-three 
transfers. This is a method designed to show any difference in degree of 
fixation for the nervous tissues of mice between the strains compared. From 
Graph 3 the results of this experiment may be readil}'’ interpreted, the number 
of mouse passages having been plotted against the time in days from inoculation 
to death. Recognizing the considerable variation in the length of the inoculation- 

GRAPH 3. COMPARATIVE RATE OF FIX.ATION IN MOUSE BRAIN OF CULTIVATED 

TESTICULAR VIRUS AND THE ORIGINAL PANTROPIC VIRUS. 



death period from passage to passage due to uncontrollable differences in the 
amount of virus in the brain used for transfer, the two curves are remarkably 
similar. Both show an initial sudden fall, occasioned by a rapid lessening of the 
inoculation-death period during the earlier transfers followed by a slower but 
consistently progressive decrease in the length of the period with later passages. 
The slower but progressive fixation occurring after the first few transfers is 
somewhat obscured in the Graph by the wide variations from passage to 
passage but it is nevertheless evident. The detail in Graph 3 offers weighty 
evidence to show that the degree of neurotropism for mice of tlie original pan- 
tropic virus of monkey origin and the cultivated strain was approximately 
equal at the time of the 69th subculture tn vitro. 

During three different periods of the cultivation of .pantropic virus in 
mouse testicular tissue, experiments were carried out to test the susceptibility 
of M. rliestis to the virus when inoculated by various routes. The results of 
these experiments are brought together in Table VII. 
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Tadij: 
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One monkey was inoculated intraspinally and three intraperitoneallv 
with the virus of the 30th subculture. The former animal died of yellow fever 
virus encephalitis while the latter three were immunized, and in two of the three 
instances without the occurrence of fever. 

At the time of the 35th subculture, 3 monkeys were injected with the 
culture fluid in the spinal canal and three others received the virus in the 
peritoneal cavity. All three animals inoeulated intraspinally died of encepha- 
litis while the three monkeys inoculated intrapcritoneally were immunized 
without specific febrile reactions. The minimal amount of circulating 
virus recovered from the blood streams of all six of these animals is indicated 
in Table VII. 

Two monkeys were injected intravenously and two intradermally with 
the testicular culture virus of the 43rd subculture. Ai the same time, as a control 
on the inoculations, an additional monkey was inoculated in the skin with 
neurotropic yellow fever virus of 109 passages in mice. Immediately preceding 
inoculation each of the five animals was injected intraccrebrally with 1-0 c.c. 
of its own freshly drawn defibrinated blood in order to produce a moderately 
severe cerebral lesion. Sawyer and Lloyd (1931) had previously demonstrated 
the importance of cerebral injury in mice in localizing circulating virus in the 
brain. The occurrence of cerebral vascular lesions or permeable haemato- 
cephalic barrier has in latter years been considered to offer a serious risk in 
immunization against yellow fever in the presence of circulating virus. Of the 
five monkeys used in this experiment, only one inoculated intradermally with the 
culture virus failed to show circulating virus during the 13-dav period of daily 
blood infectivity tests. This animal was later shown to be highly immune 
as were two others receiving the same inoculum intradermally and intravenously 
respectively. One monkey injected intravenously with the cultivated testicular 
virus and intraccrebrally with blood developed enceplialitis and succumbed 
as did a control animal inoculated intradermally with a fixed neurotropic strain 
of the virus. 

PATHOGENESIS OF PANTROPIC YELLOW FEVER VIRUS CULTIV.ATED IN 
GUINEAPIG TESTICULAR TISSUE. 

The strains of virus cultivated in guineapig testicular tissue originated 
from the strain grown in mouse testicular tissue after 41 and 70 subcultures 
respectively in the latter medium. In both instances the virus grown in 
guineapig tissue showed an inoculation-death period appreciabl}'^ longer on 
the average than that of other pantropic strains. However, the virus was not 
cultivated long enough in this medium for the conclusion to be certain. The 
inoculation-death periods for the 10 passage averages were 9-4 and 9-8 days 
in the first series and 9 -5, 9-2 and 9-4 days in the second series. The patlio- 
genesis of this strain for M. rhesus was tested on onlj^ one occasion. The I'irus 
of the 1/th subculture of the first series inoculated intraspinally produced fatal 
encephalitis in 11 days. 
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Pathogenesis of Cultivated Neurotropic Yellow Fever Virus. 

Although in these experiments the pathogenesis of the three neurotropic 
strains for M. rhesus was never tested, Haagen (1933) found that a strain of 
neurotropic yellow fever virus, grown for more than 100 passages in chicken 
embryo tissue in Carrel flasks, provoked a fatal encephalitis when inoculated 
intracerebrally in monkeys. 

The degree of neurotropism for mice of the cultivated neurotropic strains 
is well indicated in Table I. In the Table the average inoculation-death 
periods for each 10 subcultures are summarized. The strain of French neuro- 
tropic virus cultivated in mouse embryonic tissue after 305 passages in mice 
showed an average inoculation-death period 2 days longer than that of the 
original mouse passage virus. The strain of the same origin grown in chicken 
embryo tissue presented an average period 2-5 days longer than that of the 
mouse passage strain. The French neurotropic virus grown in chicken embryo 
tissue, after 108 mouse passages showed consistently an average inoculation- 
death period 1 to 1*5 days longer than those of the cultivated neurotropic 
strains of 305 mouse passages. This period was 3 days longer than the average 
of the original virus of 108 mouse passages. These data clearly demonstrate 
two conditions (1) the neurotropic strains are characterized early in the period 
of their cultivation and consistently thereafter by an appreciably longer inocula- 
tion-death period in mice than those evinced by the parent mouse passage 
viruses, (2) the degree of neurotropism or fixation for mouse brain is reflected 
in the behaviour of the neurotropic viruses during the period of cultivation. 
The latter conclusion is based on the fact of the longer inoculation — death periods 
of the less fixed virus of 108 mouse passages than those of the more fixed viruses 
from the same original strain of 305 mouse passages. A final survey of Table I 
(p. 491) will also serve to demonstrate the appreciable differences in the degree 
of neurotropism under similar conditions of cultivation of the originally pantropic 
strains of yellow fever virus and the neurotropic strains. 

The Active Immunization of Monkeys with Pantropic Yellow Fever 
Virus Cultivated in Mouse Embryonic Tissue and Complementary 

Immune Serum. 

In Tables VIII and IX, are summarized the results of two complementary 
experiments. In the first, four monkeys were inoculated subcutaneously 
with a constant quantity of virus 1-0 c.c. (1-0 c.c. = 100,000 minimal 
lethal doses for a mouse) and an amount of human immune serum (titre 128) 
varying from 0-5 to 0-05 c.c. per kilogram of body weight. A fifth monkey 
received an equal dose of virus subcutaneously without complementary 
immune serum. In the second experiment four monkeys were inoculated 
subcutaneously with a constant amount of human immune serum (titre 128) 
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ivll.D. Minimal lethal dose for a mouse. 


f “ "mn nnn 'iSn'’" ’'.‘'‘’e,''?'" "f "''ieht and a quantity of virus varvinv 
from 100,000 to 100 minimal lethal doses for a mouse. A fifth moiikev in’ tim 
second senes rcecivcd subcutaneously human immune serum in the ratio of 
5 0 a.c. per kilogram of body ivoight and a quantity of virus amounting to 34 
minimal lethal doses for a mouse. An absence of serum proteetinv "ntfbodies 
svas demonstrated in all monkeys at the time of inoculation. Mice nocuhted 
to demonstrate the presence of circulating virus were observed for a pe^W of 
21 days. The virus used in both experiments was the same and coifsted of 

=d =; r n- tf 9 
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VIII. 

/ 

PANTROPIC VIRUS WITH VARYING AMOUNTS OF IMMUNE SERUM. 
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9 

Day 

10 

Dav 

n' 

Day Day 
12 13 

Day 

14 

Presence. 

Titre. 

Presence. 

Titre. 

0/4 


0/5 

O/t 

0/5 

0/0 0/5 

0/5 


0 

+ 

■ 

+ 

154 

B 


0/6 

0/5 

0/4 

0/4 0/5 

0/6 




■ 


■ 

0/5 

0/6 

0/5 

0/5 

0/4 

0/5 ' 0/6 

0/4 


4 -f- 



218 

4/G 

0/6 

0/5 

0/5 

0/6 

0/3 i 0/4 

i 

1 

0/4 


0 : 4- 

1 


+ 

173 

1/3 

0,'6 

■ 

0/6 

0/5 




3, 7 

1 ' 

+ 

-1-2.561 + 

1 

32 


■ " ■ - - Presence of circulating virus, 
-f- Present. 


amounts for each mouse inoculated intracerebrally would kill half of the mice 
injected, and in practice this amount was mathematically calculated according 
to the method of Muench. The mice were inoculated with each dilution in 
groups of either 6 or 12. Thus TO c.c. of a virus preparation which killed 
half the mice injected intracerebrally with 0-03 c.c. amounts in a dilution of 
1 /3,300 would contain by these standards approximately 100,000 minimal lethal 
doses for a mouse. The titre of the serum was taken as the highest dilution 
of the immune serum (diluted in 10 per cent, normal serum-saline solution) 
which would protect from death of yellow fever virus encephalitis half of the 
mice inoculated with the virus-serum dilution (intraperitoneal protection test 
in mice. Sawyer and Lloyd, 1931). All titrations of protecting antibodies at 
different periods following the inoculation of the several monkeys were made 
against the same virus in each series e.xcept in the case of the 14 day titration 
of the serum of monkey W93 and the weekly sera of monkey W98 which 
were made against virus of a different source from the others of the series. 
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Table 

PATHOGENICITY FOR A/. rhesllS OF A FIXED QUANTITY OF CULTIVATED 


Monkey 

number. 

Monkey 

weight. 

Inoculum 

of 

virus.* 

Inoculu 

1 

m of serum.* Ser 

M( 

Circulation of virus, 
um inoculated in groups of mice, 
irtality ratios groups of mice on 
following days. 

Amount in 

c.c. per 
kilogram. 

Total 

amount 

in c.c. 


Titre. Day 

1 

Day 

2 

Dav j Day 
s' ; 4 

Day 

5 

j Day 
' 6 

\V89 

2,350 gm. 

100,000 

MLD. 

O-.-) 

1*2 ' 128 0'5 

1 

0/4 

O/G 1 0/5 

0/5 

0/6 

WOO 

2,0.50 gm. 

100,000 

MLD. 

0-2 

0-1 

128 0/.5 

i 

0/6 

0/6 

3/4 

4/6 

6/6 





WOl 

2,000 frm. 

100,000 

MLD. 

0-1 

0-2 

128 1 0'4 

0'4 

2 '5 

3/5 

4/5 

2/5 





W92 

2,000 gm. 

100,000 

MLD. 

0-0.5 

0-1 

128 , 0^5 

IT 

2/6 

5/5 

6/6 

2/5 






W93 

2,300 gm. 

100,000 1 

MLD. 


, 0'4 

1 

4/5 

5/5 

5/5 

6/6 

6/6 

. 





1 

1 


Explanation : * Virus and serum were both injected subcutaneously. 
MLD. Minimal lethal dose for a mouse. 


f" " 'fm ^ varying 

from 100,000 to 100 minimal lethal doses for a mouse. A fifth monkey in the 

second senes received subcutaneously human immune serum in the ratio of 

J 1 of virus amounting to 34 

minimal lethal doses for a mouse. An absence of serum protecting antibodies 

was demonstrated in all monkeys at the time of inoculation. Micf inoculated 

21 dir The V f circulating virus were observed for a period of 

21 days. The virus used in both experiments was the same and consisted of a 
constant source of dried virus prepared from the 82nd and 83rd subcultures of 
the pantrop.c virus in mouse embryonic tissue, by centrifuging out the Sis 
diluting the supernatant fluid with an equal quantity of a kno™ nolal humS 
erum and desiccating the resulting fluid in the frozen state in vacuo 

.herco™ta?cvTd’ruheT' ”1“ “ “ ^^mine 

was uniformly taken as the highest dilution of the preparation whicMn 0 03 c c 
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YIll. 

PANTROPIC VIRUS WITH VARYING AMOUNTS OF I.MMUNE SERUM. 


Circulation of virus. 

Serum inoculation in groups of mice. 

A'lortality ratios in groups of mice on 
following days. 

Febrile 

reaction. 

Final result. 

Presence of serum antibodies 
after inoculation. 

Days 

to 

fever. 

Total 

days 

of 

fever. 



14 days. 

28 days. 

Day 

7 

Day 

8 

Day 

9 

Day 

10 


Day - Day 
12 ' 13 

Dav 

14 

Presence. 

I’itre. 

Presence. 

Titre. 

0/4 


0/5 


0/5 

0/G 0/5 

0/5 


0 

+ 

■ 

+ 

154 

3/C 

0/5 

0/G 

O/o 

0/4 

0/4 0/5 

. 

0/6 


0 j -}- 

1 


+ 

256 

O/o 

0/G 

0/5 

0/5 



0/4 

13 

1 

4 + 


+ 

218 

4/6 

0/6 

0/5 

0/5 

0/6 

0/3 i 0/4 

1 

0/4 


0 : -f 

( 


+ 

' 

173 

i;.3 

0/G 

O./G 

0/5 




3, 7 

) ‘ + 

1 

1 

-(-256 

+ 

1 

32 


■ " I — - Presence of circulating virus. 

-f- Present. 

amounts for each mouse inoculated intracerebrally would kill half of the mice 
injected, and in practice this amount was mathematically calculated according 
to the method of Muench. The mice were inoculated with each dilution in 
groups of either 6 or 12. Thus 1-0 c.c. of a virus preparation which killed 
half the mice injected intracerebrally with 0-03 c.c. amounts in a dilution of 
1 /3,300 would contain by these standards approximately 100,000 minimal lethal 
doses for a mouse. The titre of the serum was taken as the highest dilution 
of the immune serum (diluted in 10 per cent, normal serum-saline solution) 
which would protect from death of yellow fever virus encephalitis half of the 
mice inoculated with the virus-serum dilution (intraperitoneal protection test 
in mice. Sawyer and Lloyd, 1931). All titrations of protecting antibodies at 
different periods following the inoculation of the several monkeys were made 
against the same virus in each series except in the case of the 14 day titration 
of the serum of monkey W93 and the weekly sera of monkey W98 which 
were made against virus of a different source from the others of the series. 
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Table 

PATHOGENICITY FOR M. rlieSUS OP A FIXED .AMOUNT OF IMMUNE 


! 

Monkey ■ 
number. 

Monkey 

weight. 

1 

Inoculum 

of 

virus.* 

' 

Inoculum of serum.* 

— - 

Circulation of virus. 

Serum inoculated in groups of mice. 
MortaliW ratios groups of mice on 
following days. 

Amount in 
c.c. per 
kilogmm. 

Total 

amount 

in c.c. 

Titre. 

Day 

Day 

2 

Day 

3 

Day I Day 

4 ! 5 

1 

Day 

6 

\Y91 

2,000 gm. 

100,000 

hILD. 

1 

0-5 

10 

12S 

0/2 

0/5 

0/6 

0/4 ' 0/5 

0/6 


l,Sn0 gm. 

10,000 

MLD. 

0-5 

0-9 

128 

0/5 

0/5 

0/5 

0/6 i 0/6 

i 

1 

0/5 

WflG 

2,000 gm. 

1,000 

MLD. 

0-5 

m 

128 

' 0'5 
< 

0/5 

0/6 

3/6 j 3/6 

3/6 

1 

1 


WOT 

1 ,850 gm. 

100 

MLD. 

0*5 

on 

128 0/4 1 0/0 

0/5 

1/Gtj 0/6 

l/6t 

W9S 

2,200 gm. 

34 

MLD. 

5-0 

110 


0/6 


■ 


Explanation : * Virus and serum were both injected subcutaneously. 

MLD. Minimal letlial dose for a mouse. 

■ - « Presence of circulating virus. 


Since each of these animals was later added to its respective series for supple- 
mentary comparison the inconsistency is not important. 

The results of the experiment summarized in Table VUI clearty show 
that at least 0-5 c.c. per kilogram of body weight of a human immune serum 
having a titre of 128 is necessary to prevent the demonstration of circulating 
virus in the blood of Macacus rhesus during the period from inoculation to 
the appearance of serum protecting antibodies, when the inoculating dose 
equals 100,000 minimal lethal doses for a mouse. Reference to Table IX will 
show that even this degree of passive immunity is not always sufficient to prevent 
the demonstration of virus in the blood. The results in Table IX also demon- 
strate that active immunity develops in the monkey in the presence of a high 
or of an extreme degree of passive immunity even though the virus inoculum 
is reduced to very small quantities. The degree of active immunity as evidenced 
by circulating serum antibodies was, however, suggestively less following the 
inoculation of the smaller quantities of virus. 
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IX. 

SERUM WITH VARYING QU.ANTITIES OF CULTIVATED Pj\NTRO!’IC VIRUS. 


Circulation of virus. 

Final Result. 

rcbnle 

Sen 

M( 

jm inoculated in groups of mice. 

Drtaliw ratios groups of mice on 
following days. 

reaction. i , 

, .Serum antibody 

' titre after 

Total ; inoculation. 

•n .J 

Response 
to test 

inoculation. 

Day 

7 

Day 

S 

Day 

9 

Dav 

10* 

Day 1 Day 
11 [ 12 

Day Day 
13 14 

to ' of 1 14 

fever. ' fever, j days. 

21 

days. 

28 

days. 

0/4 

0/5 

0/2 

0/3 

0/4 i 0/4 

0/5 0/5 ' ' 0 4S 

1 : 

115 

109 


0/6 ! 0/6 

0/6 

0/5 

. i ! ' ' 1 

0/5 1 0/5 ' 0/5 ; 0/6 ' 0 j 30 

20 ' 16 1 nil 

0/6 

0/6 

0/5 

0/4 

0/5 0/5 \ 0/4 ! 0'6 ' 0 33 ' 42 i 30 ' nil 

0/5 j 0/5 

1 

1 

0/6 1 0/5 

0/5 ! 0/5 ! 0/5 i 0/6 0 ■ 12 ' 12 

1 1 j nil 

i 

0/6 

j 0/5 

i 

0/5 

! 0/6 
* 

1 ' ‘ ' ' ' i 1 

0/6 0/2 0/5 ' 0/6 0 ' + ! + 42daySj nil 

’ i ^ i 

1 , ' 1 


t Death from yellow fever virus encephalitis proven. 

-r Complete protection of mice by undiluted serum at 14, 21 and also at 2S days, 
nil Xo reaction. 


The Active Immunization of Man with Pantropic Yellow Fever Virus 
Cultivated in Mouse Embryonic Tissue and Complementary Immune 

Serum. 

Materials and Methods. 

Cultivated virus used for the active immunization of man against yellow 
fever was always prepared in the following way : 24 hours before the preparation 
of a batch of virus for human immunization bacterial broth cultures were made 
from each flask of cultivated virus by the addition of 0-1 c.c. of culture fluid to 
the broth tube. On the following day the culture fluid from a series of bacterio- 
logically sterile flasks containing the virus growing in a medium of mouse 
embryonic tissue and normal human serum-Tyrode solution was pooled and 
centrifuged for 10 minutes at 3,000 r.p.m. The clear supernatant fluid after 
centrifugalization was pipetted off and mixed with an equal quantity of filtered 
normal human serum. The mixture was placed in 0-5 c.c. quantities in 
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^^'^assermann tubes. The contents of these tubes werefrozen in alcohol chilled with 
solid carbon dioxide and desiccated in vacuo over sulphuric acid while still 
in the solid state in desiccators of the Hempel improved type. Aerobic and 
anaerobic broth cultures as well as blood agar slant cultures were made on the 
culture fluid, the serum diluent and the mixture of both fluids, and were demon- 
strably sterile before use of the virus. 

The virus content of such preparations was determined by taking random 
samples from each desiccator, rehydrating the dried powder with 0-5 c.c. distilled 
water, and inoculating intracerebrally into groups of six mice serial decimal 
dilutions of 1/10 to 1/100,000. All dilutions were made in 10 per cent, normal 
human serum-saline solution. The titre of the virus was taken as the highest 
dilution which would effect a 50 per cent, mouse mortality when the mortality 
ratios were subjected to the calculation method of Muench. 

In Table X the average virus titres of 15 consecutive lots of dried virus 
used for human immunization are compared with the virus titres of the same 
lots before desiccation. Excepting the first two lots of virus which were 
prepared in the early spring, the others were desiccated during the hot humid 
months of summer in New York, and the fall in virus content from the fresh 
to the desiccated state is correspondingly much greater. Nevertheless, each 
virus sample contained an adequate immunizing dose for a passively immunized 
man. In this long series in which random ampoules from each desiccator 
were titrated for virus content not one was found containing less than 1,700 
minimal lethal doses of virus for a mouse. Equally important, no culture 
flask, each of which was carefully controlled bacteriologically, was found to be 
contaminated during a long period in which 2,000 tubes of desiccated cultivated 
virus were prepared. 

Immune human serum was harvested from the blood of men who had 
recovered from yellow fever or possessed serum protecting antibodies as a result 
of vaccination against the disease. Sera from several individuals ivere pooled 
and filtered. The serum protecting antibody content w'as determined by titration 
in mice by the technique of the intraperitoneal protection test (Sawyer and 
Lloyd, 1931). The titre of serum w^as taken as the highest dilution which 
would protect half of the mice inoculated from death of yellow fever virus 
encephalitis. Mortality ratios were summed and the dilution which would 
afford a 50 per cent, protection calculated according to the method of Muench. 

Sera having an antibody titre by mouse test of 100, if previously administered 
in a ratio of 0-5 c.c. per kilogram of body weight ■would ordinarily protect 
rJicsus monkeys from fever or illness after injection of fully virulent pantropic 
virus of the Asibi strain. An equal or slightly greater antibody content in the 
serum protected monkej's against the demonstration of circulating virus. Only 
sera titrated for protection of monkeys by these criteria or sera standardized 
against known immune sera by protecting antibody titrations in mice w'ere used 
in human immunization experiments. 
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Table X. 

COMPARISON OF THE VIRUS TITRE OF PANTROPIC A'ELLOW FEVER VIRUS CULTIVATED IN MOUSE 
E.MBRYONIC TISSUE BEFORE AND AFTER DISICCATION IN THE SOLID STATE. 


Number of 
subculture. 

Titrc of virus in 
supernatant culture 
fluid. 

Estimated titrc after 
mixture with equal parts 
of normal serum. 

i 

; Titrc after desic- 
j cation in the solid 
i state. 

82 

1,000 

500 

485 

S3 

13,500 

0,7.50 

6,100 

1 

112 

7,300 

3,650 

1 550 

ii:^ 

17,500 

8,7.50 

2,400 

114 

20,000 

10,000 

415 

llo 

7,000 

3,500 

1,500 

IIG 

13,000 

6,500 

135 

117 

4,000 

2,000 

410 

lis 

10,000 

5,000 

410 

119 

10,000 

5,000 

1,900 

120 


3,550 

820 

121 

1,000 

500 

450 

122 

2,000 

1,000 

1,200 

123 



1,900 

124 

4,400 

2,200 

2,200 


Antigenicity for Man of the Cultivated Pantropic Virus of 
Mouse Embra^onic Tissue Origin. 

An attempt to compare the antigenicity for immune man of the pantropic 
strain of yellow fever virus cultivated in mouse embryonic tissue with that 
of the neurotropic virus of mouse brain origin is summarized in Table XI. 
In Table XI approximately equal results in the degree of titrable serum immunity 
produced have purposely been grouped consecutively for comparison. Careful 
study of the Table will show that irrespective of whether the virus inoculated 
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into immune man was the cultivated strain or the mouse passage virus, the degree 
of antigenic response as indicated by the multiplication and decline of titre 
during a 28 day period of observation was closely similar. Following the 
inoculation of both strains of yellow fever virus the highest titre was observed 
at the 14 day period followed by a decreasing titre thereafter. There was but 
one exception to this rule when in the case of C.J.M. a higher titre tvas recorded 
on the 21st day than on the 14th day. In Graph 4, the curves of titrable anti- 
bodies for weekly intervals on five immune men are recorded. In this Graph 
the rise and fall in antibody content following the new introduction of antigen 

GRAPH 4. — SERUM PROTECTING ANTIBODY TITRE IN IMMUNE MAN FOLLOWING A SECOND 
INOCULATION OF YELLOW FEVER VIRUS. 



is well demonstrated. The suggestion is also clear that a greater antibody 
response follows the inoculation of a larger amount of virus in immune man. 
The virus litres noted in Table XI were resolved by applying the method of 
Muench directly to the mortality ratios of groups of mice inoculated with the 
se\ eral dilutions of the virus-containing fluid in order to obtain the dilution 
productive of a 50 per cent, mortality. Similarly the calculated titre of serum 
protecting antibodies was obtained by applying the method of Muench to the 
protection ratios of groups of mice inoculated with the several serum dilutions 
and a constant amount of virus according to the technique of the intraperitoneal 
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protection test in mice (Sawyer and Lloyd, 1931). Since in this test the 
quantity of virus and hence the amount of titrable antibody in a constant serum 
varies from one series of tests to another, the caleulated antibody titre for each 
serum sample was corrected against the titre of a known immune serum. Thus 
if in a given series of titrations a constant immune serum, known to liave an 
average titre of 100, showed a calculated titre of SO, the antibody contents of all 


j • , • ^100 

immune sera titrated m the same series were corrected as 

oU 


of the calculated 


titre. This revised titre is recorded in Table XI (p. 524) as the corrected titre. 


Immunization of Man with a Known Quantity of Virus and a 
Known Quantity of Immune Serum. 

The results of the immunization of 26 men with a known quantity of 
the virus cultivated in mouse embr}'^onic tissue and a known amount of human 
immune serum according to the method described by Sawyer, Kitchen 
and Lloyd (1932) are recorded in Table XII. For the immunization of seven 
persons in this series and for subsequent studies on these cases the writers 
are indebted to the kindness of Dr. G. M. Findlay of London, and Dr. W. A. 
Sawyer of New York. The immunized human subjects received an amount of 
virus varying between 14,000 and 170,000 minimal lethal doses for a mouse 
together with a quantity of human immune serum varying between 0-5 c.c. and 
0-6 c.c. per kilogram of body weight. The titre of protecting antibodies in 
the immune serum employed varied between 94 and 256. Of the 26 persons 
inoculated only three developed fever of 37'7° C. Five others showed a rise of 
0-5° C. or less, while 18 presented no elevation of temperature. One man 
complained of headache, sensation of cold and malaise, on the evening of 
the third day following inoculation. None of the others exhibited any signs of- 
illness during the period of observation. In only two of the inoculated men 
were detailed observations possible. Each of these showed leucopenia (4,000 
leucocytes per c.mm.), one on the 5th, 6th and 7th days, and the other on the 
6th day. Neither exhibited albuminuria at any time. For 13 persons the 
amount of titrable protecting serum antibody was investigated during the 
period from 14 to 28 days following inoculation. Each individual thus tested 
showed the presence of protecting antibodies, the titre of which varied between 
8 and -(“256. All of five immunized persons so studied showed no circulating 
virus following inoculation. The reactions following inoculation were minimal 
or absent. It is however worthy of note that slight febrile reactions when they 
were observed occurred in a period 2 to 6 days following inoculation and most 
often on the evening of the 3rd or 4th day. This is the incubation period of 
yellow fever. The febrile reaction of yellow fever virus encephalitis is later, 
more marked and more prolonged, occurring from 7 to 14 days following 
inoculation. 


G 
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Explanation : MLD, Minimal lethal dose for a mouse. 













Table XII. 

...L.N..Ar.O. OB MAN W.TH A KNOWN QUANr„-V OK CUL-HVATHO V^BUS ANO A KNOWN AMOUNT OB .MMUNE SEBUM, 


YELLOW FE\^R VIRUS, 


5-2G 


Immunity. 

Serum 

antibody 

titre. 

•i-U 

M- 

« 


1 

1 

1 

+ 

+ 

+ 





Febrile reaction. 

Height 

of 

fever. 

dd 

o c 
‘C ifS 

c*: 

dej 

o o 
w I> 

rt fo 

do 

o o 

CO 

CO CO 

CO CO 

1 





1 


d 

o 

t> 



Days 

of 

fever. 

— 

u 

n 

”0 .c 

U 

CO 

'S.c: 

c-S 

oi r- 

o 

O 

o 

o 


o 

o 

3rd 

O 

o 

Presence 

circula- 

ting 

virus. 

1 

OD 

00 

1 

CO 

00 




1 

1 

1 





t 

Inoculum of serum.* j 

i 

128 

128 

128 

« 

Oi 

256 

CO 

0 

01 

04 

ft 

ft 

Cl 

97 

ft 

Totol 
amount 
in c.c. 

<n 

is 


o 

CO 

*0* 

00 

CO 

00 

CO 

24-3 

CO 

CO 

CO 

CO 

CO 

ft 

c^i 

cc 

Cl 

ft 

CO 

CO 
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■n fc E 
c &5 

5 • tf 
° o § 
E o“ 
< - 

o 

o 

0-0 

9 

6 

9-0 

9 

o 

o 

o 

>•0 

o 

9 

6 


JO* 

o 

».o 

6 

ft 

o 

ft 

o 

Inoculum of 
virus.* 

Subculture. 

<rfc^ 

OC 00 

00 

66 

CO 

66 

CO 

00 

CO 

CO 

c? 

00 

CO 

CO 

CO 

GO 

CO 

CO 

CO 

CO 

1— * 

Quantity. 

110,000 

.AILD. 

§d 

oS 

170,000 

MLD. 

170,000 

MLD. 

170,000 

MLD. 

170,000 

MLD. 

170,000 

MLD. 

170,000 

MLD. 

170,000 

MLD. 

170,000 

MLD. 

170,000 

MLD. 

■10,000 

MLD. 

40,000 

MLD. 
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Sit*- c 
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C5 
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00 
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YELLOW FEVER VIRUS. 


The writers wish to acknowledge their indebtedness to Dr. W. A. Sawyer 
for much constructive criticism, and to Dr. A. F. Mahaffy, H. L. Freese, 
and W. G. Casseres for considerable active help in the accomplishment of this 
work. 


Summary. 

1. A pantropic or natural strain of yellow fever virus has been cultivated 
during a period of 21 months and through more than 150 subcultures in vitro 
without intercurrent animal passage. 

2. A simple and practical technique for the cultivation of yellow fever virus 
is described. 

3. Pantropic yellow fever virus has been cultivated for more than 130 
subcultures in media consisting of serum-Tyrode solution and minced tissue 
of mouse embryo, chicken embryo or adult mouse testis. The same strain of 
virus has been grown for more than 55 passages in a medium of serum-Tyrode 
solution and minced adult guineapig testicular tissue, and for more than 20 
transfers in the same fluid medium and chicken embryo dermis. 

4. Neurotropic yellow fever virus of both relatively early and late mouse 
passage has been cultivated for more than 120 subcultures in a medium of 
serum-Tyrode solution and minced chicken embryo tissue. Neurotropic 
yellow fever virus of late mouse passage has been grown for 55 transfers in a 
medium of serum-Tyrode solution and minced mouse embryonic tissue. 
Neurotropic yellow fever virus of late mouse passage has been cultivated for 
86 subcultures in a medium of Tyrode solution and minced chicken embryo 
tissue. 

5. The cultivated strains of pantropic yellow fever virus have exhibited 
consistently in Macacus rhesus a progressive loss of the power to provoke yellow 
fever following inoculation. Evidence is advanced to show that the degree 
of neurotropism for mice and monkeys of pantropic strains of yellow fever virus 
does not increase during cultivation in various tissue media. Experimental data 
upon the virulence of a pantropic strain from the time of its isolation from man 
through its passage in monkeys, its cultivation in mouse embryonic tissue and 
its passage again through monkeys is presented. 

6. A strain of pantropic yellow fever virus grown for 92 subcultures in a 
medium of serum-Tyrode solution and mouse embryonic tissue when passaged 
for 30 transfers in Macaats rhesus only slowly regained its virulence for monkeys. 
The increase of virulence thus provoked was manifested by the death of 6 of 
30 monkeys in the series of yellow fever. None died of yellow fever virus 
encephalitis. 

7. Monkeys become highly immunized against yellow fever if inoculated 
with the pantropic virus cultivated in mouse embryonic tissue together with 
human immune serum. Demonstrable serum immunity is produced even if the 
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inoculum of virus contains no more than 34 minimal lethal doses for a mouse 
and the amount of immune serum (titre 128) equals 5'0 c.c. per kilogram of 
body weight. Tlie concomitant injection of human immune scrum (titre 128) 
in a ratio of 0-5 c.c. per kilogram of body weight completely or nearly completely 
protects monkeys against the demonstration of circulating A-irus from the day of 
inoculation to the appearance of serum immunity. 

8. The antigenic power for immune man of the neurotropic virus of mouse 
brain origin and the cultivated pantropic virus of mouse embryonic tissue 
origin is approximately the same. For previously immunized man the serum 
antibody titre rises rapidly following inoculation of virus, to reach a peak usually 
at 2 weeks, and falls rapidly thereafter to approach its initial level at 4 weeks. 

9. The results of the immunization of 26 persons with pantropic yellow 
fever virus cultivated in mouse embryonic tissue, in the presence of an existing 
passive immunity produced by the concomitant injection of a titrated quantity 
of human immune serum are recorded. The reactions following inoculation 
in this short series were minimal or absent. The sera of thirteen indiyiduals 
in this group which were titrated for protecting antibodies during the period 
from 14 to 28 days following inoculation showed titres ranging from 8 to +256. 
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INFLUENCE OF CLIMATE ON SUSCEPTIBILITY TO ENTERIC 

INFECTIONS. 

BY 

I. J. KLIGLER 

(From the Department of Hygiene and Bacteriology, Hebrexv Univeisity, Jerusalem). 


Introduction. 

Hypothesis is the basis of all scientific progress. However, it is useful 
only to the extent that it serves as a means to an end ; if it becomes an end in 
itself, it maj’’ block rather than further scientific development. 

In the study of disease and the factors concerned in its causation, two 
principal hypotheses have at one time or another alternately dominated medical 
thought and practice. One hypothesis was that disease was caused by e.xtrinsic 
agents ; the other that it was induced by changes in the body humours. 

The idea of an extrinsic cause assumes many forms. The earliest form is 
the curse of the gods, or the malign influence of the stars. The idea of contagion 
is first expressed in the Bible, and with it came the idea of quarantine and isola- 
tion. Later this idea was lost sight of and the doctrine of miasmas conveyed 
through the atmosphere became the dominant idea. It was not until the work 
of Pasteur that the germ theory of disease became concrete, and as a working 
hypothesis led to discoveries which in a quarter of a century revolutionized 
medicine. 

The second hypothesis which has dominated medical thought from classical 
times is that of the individual constitution. The constitution was not only 
supposed to determine susceptibility to disease, but also the character, symptoms 
and lesions. The Greeks based upon this theory the cult of physical hygiene. 
Sydenham built upon a modified form of this idea his theory of epidemiology 
based on the conception that with certain changes in the earth there were 
constitutional changes which rendered man susceptible to this or that disease. 

In modern times these originally vague hypotheses — ^vague because of lack 
of knowledge — have assumed newer, clearly defined and more concrete forms. 
On the one hand, there is the well defined concept of infection and contagion 
and, on the other, there is recognition of the fact that different races, different 
individuals and, indeed, the same individual at diflFerent times, may be more or 
less susceptible to an infection with one or another organism. In the first glow 
of the rise of the idea of infection, it seemed that the answer to all epidemiological 
problems was at hand ; that epidemicity was determined solely by the virulence 
of the invading organisms and their number. Slowly it has become apparent 
that, for certain diseases at least, season, climate and individual predisposition 
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are important and that a complete understanding and solution of these epidemio- 
logical problems will only come when all the segments that make up the picture 
can be properly put together. 

Accumulating observations have made it clear that individual predisposition 
is a \-ariable factor. They have led to the working hypothesis that man (and 
animals) is not a stable organism, but a delicately balanced, physiological 
mechanism and that various disturbances in the ph3fsiological balance may 
bring about a change in his predisposition to infection. This working hypothesis 
has led to a study of the factors, internal and external, which by their effect on 
the body modify its susceptibility to infection. These studies cover a wide 
range — effect of environment, of diet, of internal secretions, etc. 

The first two factors — climate and nutrition — are of particular importance 
in Palestine where a new population, coming from a temperate climate, is seeking 
acclimatization. And it is partly for this reason that we have devoted ourselves 
to these studies, some aspects of which I shall attempt to review briefijL 

In studying the effect of climate, one has to take into consideration its 
various elements, such as temperature, humidity, air velocity and light, both 
singl}’^ and in combination. In nature it is not possible to, separate these 
elements ; all of them operate at the same time and the effect produced is the 
resultant of the various forces. In the laboratory it is possible to analyse the 
effect of the various factors individually and in combinations, but there is the 
drawback that it is not always possible to reproduce experimentally the combined 
conditions existing in nature. Moreover, the effect observed in experimental 
animals need not necessarily be identical u-ith that which would be produced 
in man. Nevertheless, many interesting observations have been made in animal 
experiments which throw light on epidemiological events and on pathological 
changes noted in man. And it is the object of this paper to summarize the 
results of these experiments and to indicate their possible application to human 
adaptation to a subtropical climate. 

Effect of Temperature and Humidity. 

Salle (1911), showed that an increase in external temperature is followed 
by a rise in body temperature, by a decrease in total gastric secretion, in total 
and free acid and in pepsin. Grunfelder (1914), showed that the latter was 
also true in fever. Arnold (1929), confirmed these findings and showed further 
that in animals kept m a warm, humid room there is a change in the enteric 
flora, the faecal flora of the large intestine ascending to the lumen of the duode- 
num. He found that Avith an alteration in the acid-base balance in the gastric 
tract towards the alkaline side, there was an appearance of a typical colon flora 
in the duodenum. His results indicate that the acid of the'stomach has a bacterio- 
static effect on the bacteria in the stomach and duodenum and that this effect 
disappeared Avith the reduced activity of the stomach induced bv exposure to 
a hot, humid em-ironment. 
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Graph 1 . — Ordinate : percent- 
age of B. prodigiostis appearing 
in caecum after intra-duodenal 
injection. Absassa : time in 
half-hour intervals. Continuous 
line represents relative concen- 
tration of B, prodigtasus in 
ordinary room temperature. 
Broken line represents same in 
hot and humid room. Each 
graph is an average of nine 
experiments ; three experiments 
were repeated using three dif- 
ferent dogs. (Arnold, 1929.) 


In anotlier series of experiments, Arnold 
and Brody (1927), showed that if bacteria are 
injected directly into the duodenum of a dog 
kept in a warm, humid room they appear in 
the caecum, but not if the dog is kept in a 
cool room. Since in these experiments gastric 
acidity is e.\cluded, one must assume that there 
is another factor besides gastric acidity ; or, in 
other words, that the luimid heat causes a 
change in the bacteriostatic action of the 
intestinal mucosa. Graph 1 and Table I, repro- 
duced from the paper by Arnold (1929) 
illustrate some of his findings. 

In our experiments we approached the 
problem from another angle. Arnold studied 
the effect of a hot, humid atmosphere on 
stomach-intestinal bacteriostasis. Our own ex- 
periments dealt with the effect of various 
temperatures and humidities on the suscepti- 
bility of animals to infection. Comparable 
groups of mice were kept at different 
temperatures and humidities, infected per os 


Table I. 

distribution of B. prodigiostis through gastro-intestinal tract of 3-months-old puppies, 
2^ HOURS after feeding with plain and enteritidis me.aT in cool and hot rooms. 


Food. 







Stomach. 



Lower. 

Ileum. 

Caecum. 

Control, plain meat ; 
cool room ... 

0 

0 

0 

0 

0 

10 

Control, plain meat ; 
hot room ... 

15 ■ 

15 

25 

35 

100 

100 

Entmtidis meat ; cool 
room 

0 

0 

0 

0 

10 

25 

Enteritidis meat ; hot 
room 

15 

25 

25 

50 

100 

100 

Heated entadtidis meat; 
cool room ... 

0 

0 


25 

35 

35 

Heated enteritidis meat; 
hot room ... 

100 

100 



100 

100 


Figures indicate the percentage of dogs in which the organisms were recovered in the regions 
of the alimentary' canal indicated. Cool room = room temperature ; hot room = temperature 
96° to 98° F. ; relative humidity, 85 to 95 per cent. 
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with the same dose of S. ententidts, and the course of infection noted. 
In addition to noting the mortality we also recorded the percentage and intensity 
of infection of the different organs of the animals dissected at various intervals 
after the infection. The results, summarized in Table II below, show that 
the fatality at a high temperature and high humidity (low cooling rate) is almost 
three times that at the same temperature associated with a low relative humidity 
(Kligler and Olitzki, 1931). 


Table II. 

RESULTS OF IXFECTION OF WHITE .MICE KEPT AT DIFFERENT TE.MPERATURES AND HU.MIDITIES AND 

INFECTED WITH S. enteritidis. 


Days after infection... 





14 to 30 

Temperature — C. ... 

13° 

20° 

30° 

Relative humidity — per cent. 

90 

35 

95 

35 

95 

Number of animals 

56 

39 

56 

56 

39 

Total infected* 

36 

23 

31 

27 

18 

Total dead ... 

15 

9 

14 

6 

12 

Total sterile* 

5 

7 

11 

23 

9 

Total liver abscesses 

10 

1 

3 

1 

1 

Fatality — percent. ... 

25 

23 

25 

10-7 

30-7 

Sterile — per cent. ... 


18 

19-6 

41 

23 


* At time of dissection. 


These findings were subsequently confirmed by Robertson and Weld 
(1932), who infected rachitic rats with S. enteritidis. In three different experi- 
ments they found that at a high temperature and low humidity, 55, 56, and 74 
per cent, of the rats survived, tvhile in the corresponding groups kept at the 
same temperature associated with a high relative humidity, 0, 25, and 52 per 
cent, survived. 

It is apparent then that a high temperature associated with a high humidity, 
or in other words a reduced cooling power, is particularly harmful and that 
under these conditions the resistance of both normal and rachitic animals is 
so reduced as to raise the mortality two to threefold. 

The various experiments, a number of w'hich are cited above, show that a 
high temperature associated with a high humidity, favours the passage of 
infecting organisms across the stomach-duodenal barrier, increases the permea- 
bility of the intestine so that the bacteria pass into the lymphatics and finally 
reduces the defence of the animal to such an extent that the severity of the 
infection is enhanced. 
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The relation of these experimental findings to the epidemiology of intestinal 
infections is of interest. It is known that enteric infections, dysenteries, diarrhoeas 
and colitis increase during the spring and summer months and diminish during 
the winter. This increase, which is often sharp and sudden, is ascribable to 
the sudden rise in the external temperature which presumably causes a retardation 
in the gastric secretions and allows either infectious organisms or irritating toxic 
substances to pass more readily into the lower intestinal tract. By reducing 
the bacteriostatic action and increasing the permeability of the intestinal mucosa, 
infectious organisms can either more readily become localized on the intestinal 
mucosa, or penetrate the wall and cause infection. Furthermore, it would appear 
that at a high humid temperature the intestinal tract is also more sensitive to 
the irritating substances produced by the normal intestinal flora. Mills (1928), 
in China, has called attention to the gastro-intestinal disturbances, associated 
with nausea and vomiting, following a sudden elevation in temperature and 
humidity ; this occurred particularly among foreigners. Similar effects arc 
often observed in Egypt. A sudden change to high, humid temperature may, 
therefore, facilitate infection, or give rise to non-specific irritation. 

We also approached this problem from another angle and studied the 
character of the intestinal flora of normal individuals in different months of 

the year. The study was limited 
to a dozen people, but it covered 
a period of 20 months and in- 
volved the examination of 117 
stools. Some of the data are 
reproduced in Table III, p. 536 
(Goldwasser and Kligler, 1930). 

Allowing for variations due to 
technique this study shows a 
number of interesting trends which 
are in harmony with the experi- 
mental findings already referred to. 
Three sets of data seem particularly 
significant, because they indicate a 
change in the intestinal tract which 
is correlated with the seasonal 
changes in temperature and humid- 
ity. It will be noted from the table 
that the faecal moisture begins to 
rise in April and drops again during 
November to March. At the same 

Gmph 2.-Correlatio„ of the colon-cocci time, particularly duringthe months 

ratio and dysentery curves and their relation April to July, there is a reversal 

to temperature and relative humidity. in ratio of B. coli to Streptococcus 
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and, inversely, with that there is a drop in the anaerobic flora. In other words, 
beginning in April, a change takes place in the intestinal tract which is favour- 
able to the development of a B. coli flora. The significant point is that at the 
same time there is a sharp rise in the daily temperature and the annual 
beginning of the epidemic rise of dysenteric infections and diarrhoeas. This 
relationship is brought out in Graph 2 (p. 535). 

Tabue III. 

MONTHLY VARIATIO.NS IN THE FAECAL FLORA OF NORArAL INDIVIDUALS. 


1 

1 

Month. j 

Bacteria per gramme 
Drj' Faeces ; 
in Millions. 

Percentage 

of 

Moisture. 

Januarj’ 

73,000 

50 

February 

87,000 

49 

March 

91,000 

49 

.April 

65,000 

58 

May 

29,000 

60 


September i 

t 

66,000 j 

( 

October i 

! 

55,000 

November j 

70,000 

1 

December 1 

1 

87,000 

January 

156,000 

February ! 

159,000 

IMarch 

142,000 

April 

I 

109,000 

May 1 

75,000 

June j 

91,000 

July 1 

96,000 

August i 

143,000 


Ratio of Anaerobes Present 
B. coli to I (Dilution 1 : 10,000). 
Cocci. 1 




1 

•0 

-L 

1 

•0 



■8 

-f 

0-6 

■ - 

0-6 

-r 




1-2 ’ 

i 

4- 

1-2 

U- 

0-9 ! 

d: 
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These independent data, obtained bj' approaching the problem from 
different angles, converge to one point, namely : that associated with the sudden 
rise in temperature there arc changes in the intestinal tract which favour the 
development of saprophytic and pathogenic members of the colon-typhoid 
group. These results suggest further that it is rather the sharp deviation in 
temperature which causes the disturbances, because during the height of the 
summer months — August to September — the organism again tends to reach 
an equilibrium. 

The cumulative results indicate, therefore, a seasonal flux in the condition 
of the intestinal tract of man, while the experimental data obtained with animals 
show clearly that corresponding changes are induced in them by a change from 
an environment with a high to one of low cooling power. 

The explanation of this effect of e.xternal climate on the intestinal tract is 
probably to be sought in the disturbances of the equilibrium, known to exist, 
between the vessels of the peripheral areas of the body and those of the splanchnic 
region. When there is a vaso-dilatation of the skin capillaries there is vascular 
constriction in the splanchnic area and vice verso. An increased blood supply 
in the splanchnic region is associated with an increase in the gastric and bile 
secretions (Muller and Petersen, 1926 ; Petersen and Muller, 1927) and 
an increase in concentration of the leucocytes in the blood in that region (Mueller, 
1926). During this time there is vaso-constriction and leucopenia in the 
peripheral vessels. On the other hand, when there is vaso-dilatation in the 
periphery, there is a leucocytosis and an increased activity in the skin glands ; 
while at the same time there is leucopenia and diminished activity in the 
splanchnic region. 

Since high temperature and humidity or low cooling power cause a dilatation 
of the peripheral vessels, there is at the same time a reduced blood supply in 
the splanchnic region ; consequently, there is a reduction in gastric activit}”^ as 
well as in the activity of the internal organs (bile secretion, glands), and their 
bactericidal powers are diminished. 

High Dry Temperature. 

Another point to be considered in this connection is the effect of high, dry, 
temperatures. This problem is particularly important because while we know 
the baneful effects of “ hamsins ” or siroccos, the mechanism of their action is 
not clearly understood. It is conceivable that at humid, warm, temperatures 
the intestinal tract is rendered vulnerable as a result of an impoverished blood 
supply to the splanchnic region. But experiments in progress as well as our 
epidemiological observations indicate that the bacteriostatic action of the intestine 
is also reduced by the excessively dry heat characterizing our “ hamsins.” This 
effect is, apparently, due to an excessive loss of water leading to a marked 
anhydremia. This is particularly significant in view of the recent findings by 
Cowgill and his associates (1930) that anhydremia caused a reduction in 
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gastric mobility. According to these authors, stomach function can be affected 
by excessive loss of Avater irrespective of temperature. In our case, hoAA'ever, 
we are concerned Avith an anhydremia due to \A’ater-loss caused by a high tempera- 
ture associated with an excessively low humidity. The two climatic extremes 
for different reasons produce the same effect. 


Temperature and Nutrition. 


There is also a third aspect of the problem. Temperature exerts an indirect 
influence on the body by affecting its state of nutrition. In our experiments on 
the relath’e value of animal and vegetable fats \A"e noted (Kligler, Geiger and 
Mueller, 1932) that young rats receiving 25 to 35 per cent, of their calorie 
requirement in the form of fat shoAA'ed retarded growth and, after a few weeks, 
developed a cachectic appearance. This effect was most marked during the 
summer months. It seemed, therefore, that at a high environmental temperature, 
a high fat content was injurious to the organism. Pursuing these studies under 
controlled conditions, it developed that if parallel groups of animals AA'ere kept 
on the same diet having a high fat content, one at a Ioav, the other at a high, 


temperature, there was a decided difference in their respective growth and 
development. Those kept in a Avarm temperature fell beloAv those in a cool 
temperature. It was found further that a relative increase in the protein 
improved the groAvth to some extent, but that the harmful effect noted at high 
temperatures could only be counteracted by an increase of vitamin B in the 
diet (Graphs 3 and 4). 


The explanation of these 
observations Avas not appar- 
ent. At first Ave thought that 
at high temperatures there 
Avas a disturbance in the fat 
utilization resulting in an 
acidosis, and, furthermore, 
that the animal required more 
vitamin B at high than at low 
temperatures. Experiments 
now in progress have shoAvn, 
however, that the explanation 
is much more simple. In these 
experiments the A'itamin B is 
mixed Avith the food, the 
animals thus receiving an 
amount of A’itamin propor- 
tional to the food intake. 

Animals kept at a high tern- Graph 3. — Influence of high fat diets on growth of 

perature and fed ad libitum rats kept at various temperatures. 
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consume, however, less food than those kept at low temperatures. Depending 
on the diets used, the difference in the amounts consumed may range 
between 20 and 30 per cent. When the experiments were modified 
so that the animals kept at the high temperatures received a supplement of 
vitamin B, so that the total amount was the same as that received by those kept 
at low temperatures, corresponding groups developed equally well. Not only 
that but, when the total amount of vitamin B was kept below the optimum 
level, the low temperature animals which consumed more food, that is had a 
higher metabolic rate, developed avitaminosis one or two weeks earlier than did 
the warm temperature animals. The following experiment is illustrative : — • 
Equal groups of rats were placed at room temperature (20 to 22° C.), and 
incubator temperature (28° C.), and given the following diets : — 



1 

A (High Protein) B (High Protein) i C (Low Protein) 

Low Fat. High Fat. i High Fat. 

Grammes. , Grammes. | Grammes. 

t i 

Starch ... 

Casein 

Sugar 

Olive oil 

Salt mixture 

(Osborne and Mendel) 

540 

ICO (16 per cent, of 
total calories) 

120 

55 (12 per cent, of 
total calories) 
40 

416 

160 (16 per cent, of 
total calories) 
SO 

146 (33 per cent, of 
total calories) 
40 

450 

120 (12 per cent, of 
total calories) 

80 

140 (33 per cent, of 
total calories) 
40 


Each diet was subdivided 
into two parts ; to one 
100 grammes of marmite was 
added and to the other only 
50 grammes. Other vitamin 
supplements (cod liver oil and 
lemon juice) were the same. 
The growth of the rats receiv- 
ing the diet with 100 c.c. of 
marmite is shown in the 
attached curve (Graph 4). 

It will be noted that when 
the diet contained a moderate 
amount of protein (16 calories 
per cent.) and an adequate 
amount of vitamin B, the 
growth at the two tempera- 
tures was practically the same. 

H 



Graph 4. — Growth curv^es of rats kept on the same 
diets at high and low temperatures respectively, and 
receiving an amount of vitamin B adequate for 
optimum growth under ordinary conditions. 

A = High protein (16 calories per cent.). 


Low fat (12 „ „ ). 

B = High protein (16 „ „ ). 

High fat (33 „ „ ). 

C = Low protein (12 „ „ ). 

High fat (33 „ „ ). 
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When, however, the amount of protein was low and fat high, even this amount 
of vitamin did not compensate and the growth of the rats at the high tempera- 
ture fell considerably below that of the cold temperature group. When the 
vitamin content was inadequate, the growth of the high temperature rats fell, 
in all cases, below that of the corresponding cold temperature group. 

A comparison of the amount of food consumed daily by each of the various 
groups during the last week of the experiment is instructive. The figures were 
as follows ; — 

Table IV. 

AMOUNT OF FOOD CONSUMED (IN GRAMMES). 



Five Rats receiving Diet with 
only 50 grammes Marmite. 

A1 B1 Cl 


176 20 18 

27-() 31 26-6 

36 3.5-5 40 


It will be noted that when adequate vitamin B is given, the warm temperature 
rats consumed 21 to 25 per cent. less food ; but ivhen the vitamin content was 
inadequate, the difference was 35 to 40 per cent. Even under optimum conditions 
the high temperature rats received 20 to 25 per cent, less vitamin B. 


If noiv we take for comparison 
another experiment in ivhich the 20 per 
cent, difference in the vitamin B intake was 
made good we obtain an entirely different 
picture : in this particular experiment only 
one diet — the C mixture rvas used. All rats 
were fed alike except that each day the in- 
cubator group received as supplement the 
amount of vitamin contained in the difference 
between the quantity of food consumed by 
the cold and warm groups respectively. 

In this experiment the cold tempera- 
ture animals receiving only half the amount 
of marmite were beloiv the weight of those 
at the high temperature and loss of weight 
and paresis began to appear, when the warm 
temperature animals were still maintaining 
their weight (Graph 5). 



Graph 5. — Growth curves of rats 
kept at Wgh and lotv temperatures 
respectively, when percentage of 
vitamin B equal to difference in 
food intake is supplemented to 
warm animal group. 

1 = adequate vitamin B ; 

2 = inadequate vitamin B. 
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The difference in food intake is also of interest. It is given below. 



Five Rats receiving Diet tvith 
100 grammes Marmite. 

Five Rats receiving Diet with 

50 grammes IMarmite. 

Grammes of Food per Five 
Rats Daily. 

Grammes of Food per Five 
Rats Daily. 

Beginning | End 

of Experiment. 

i 

Beginning 1 End 

of Experiment. 

Incubator 

Animal house 

Percentage difference 

27 ^ 2S-.0 

34 38-5 

20 -G , 2G 

16-5 1 13-5 

21 1 14 

21 1 0 


The adequate vitamin group shows about the same difference in the amount 
of food consumed as in the previous experiment, whereas in the low vitamin 
group the difference dwindles, the low temperature group loses appetite and 
its weight falls below that of the high temperature group. 

It seems clear, therefore, what transpires. At warm temperatures the animal 
organism requires less food than at cold temperatures ; the basal metabolism is 
lower (SuNDSTROEM, 1927, 1930). Since the animals kept in a warm temperature 
consume 20 to 25 per cent, less food than their companions kept at low tempera- 
tures on the same diet, they receive also with the lower food intake about 20 to 
25 per cent, less vitamin B. This difference is particularly harmful when the fat 
content is high and protein content low. Since the amount of vitamin B required 
is, as shown by Cowgill (1932), proportional both to body weight and metabolic 
rate, a reduced intake of vitamin B below the required amount results in a loss 
of appetite with a further reduction both in the food and vitamin B intake. 
(See Table IV, p. 540.) A vicious circle is thus established and progressive 
avitaminosis and inanition result. 

When there is an excess of vitamin B in the diet, this effect is not noted. 
However, when the amount of vitamin B is just above the requirement threshold 
for low temperatures, there is a retardation in growth in the high temperature 
group due to reduced food intake and loss of appetite and in the course of time 
avitaminosis is sure to set in. 

The investigations conducted by the New York State Ventilation Com- 
mission have shown that in human subjects as well there is a lowered basal 
metabolism at high temperatures. Summarizing these findings Winslow (1927), 
the Chairman of the Commission, writes : “ One of the most important contri- 
butions of these investigations is the recent report that the basal metabolism 
decreases with increased temperature up to about 26° C. (with 100 per cent, 
relative humidity) and then increases, the rise becoming very rapid when the 
atmospheric temperature is higher than that of the body.” Since 26° C. and 
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100 per cent, relative humidity is equivalent to about 31° C. and 50 per cent, 
relative humidity, our results with rats correspond closely with those observed 
in humans. 

Of especial interest is the fact that at the same time as the symptoms of 
avitaminosis develop, the animals become more susceptible to an enteric infection. 
This is illustrated by the following experiment. Two groups of rats were kept 
at 20° and 28° C. respectively, and fed with different amounts of vitamin B. The 
rats at the high temperature were provided a favourable humidity (40 to 45 per 
cent.). At the end of eight weeks, when sj'^mptoms of avitaminosis (loss of 
weight and early signs of paresis) developed, the animals were infected per os 
with a strain of Gaertner bacillus. All those which died and had not been 
devoured were cultured. After two weeks all animals were killed and cultures 
made of the heart, liver, spleen and mesenteric glands. 

The results are given in Table V. They show a striking difference in the 
susceptibility of rats kept on a vitamin B-poor and vitamin B-rich diet. These 
experiments are still in progress, but the data are suggestive. At the low tem- 
perature twelve of sixteen of the vitamin B-rich rats were negatii^e against four 
out of fourteen of the vitamin-poor animals. At the high temperature eleven 
out of fifteen were negative as against five out of thirteen. Irrespective, therefore, 
of the temperature, B avitaminosis seems to lower the resistance of the animals 
to an enteric infection. 

Table V. 


Diet. 

Animal House (20° to 22° C.). 

Incubator (28° C.). 

Vitamin Rich. 

Vitamin Poor. 

Vitamin Rich. 

Vitamin Poor. 

High protein 
■ Low fat 

3 negative 

I mesenterj’ 

1 sepsis 

2 devoured 

I sepsis 

1 organs 

5 negative 

2 negative 

1 devoured 

1 mesentery 

High protein 

High fat 

4 negative 

1 mesentery 
(1 colony) 

4 negative 

1 sepsis 

2 negative 

1 sepsis 

2 mesentery 

1 devoured 

2 spleen 

1 mesentery 

Low protein 

High fat 

.j negative 

3 sepsis 

2 devoured 

4 negative 

1 mesentery' 

3 negative 

1 sepsis 

1 spleen 

Total 

McCollum 

Standard diet 

12 negative 

1 sepsis 

2 mesentery 

10 negative 

4 negative 

5 sepsis 

1 organs positive 
4 devoured 

1 sepsis 

3 mesentery 

11 negative 

8 negative 

1 organs positive 

0 negative 

2 devoured 

1 sepsis 

3 organs positive 

2 mesentery' 
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The explanation of these results is again to be found in the work of Cowgill 
(1930) and his associates. These investigators have shown that one of the 
consequences of B avitaminosis is a reduced gastric motility (see Graph 6) and, 
furthermore, that the loss of gastric motility was probably due to the anhydremia 
which is associated with the avitaminotic state. The increased susceptibility to 
an enteric infection may, consequent, be attributed to the reduced gastric 
function. 

We arrive then at the same result 
by two different routes ; (1) A high 
temperature associated with an exces- 
sively low humidity leads to loss of 
water, to anhydremia, to reduce gas- 
tric onus, to increased susceptibility to 
gastric irritation and infection. (2) A 
high temperature, with moderate 
humidity, leads to reduced food intake, 
which may also result in a reduced 
vitamin B intake, to B avitaminosis, to 
anhydremia, to reduced gastric tonus 
and to an increased susceptibility to an 
enteric infection. In the first instance 
the change is sudden, while in the 
second, the anhydremia may develop 
only after a time. The end result is 
the same. It may well be that some 
of the gastric disturbances in infants 
as well as adults are due to a B avi- 
taminosis, while others, particularly in 
infants, are ascribable to a sudden 
upset in the water balance caused by a 
high dry temperature. 

This view is supported by the 
results obtained by Gruenfelder and his 
associates in the treatment of toxicosis in infants. In some cases they have 
obtained striking results by the injection of vitamin B (1933), while more 
recently excellent results have been reported (Gruenfelder, 1935) by the 
injection of large quantities of saline solution. 

Evidently, the summer toxaemia in infants is due to an anhydremia caused 
either by malnutrition — a lack of vitamin B, or by the sudden dehydration due 
to the high, dry temperature or, what is more likely, by a combination of the 
two factors. The relation of the “ hamsins ” to toxicosis is recognized by all 
workers here. Eliminating the anhydremia removes the immediate cause of 
the toxaemia and leads to recovery. 




5 Normal Cecord T 


•12'^cUyol Vii B deficiency 



4^tcl«syof Me Bdeficiency 




47ii Vir Sdeficjers^* 

&4STRIC MOTILITV IN ViT.B DEfiaENCY- 





g^djvole’tpc ivcowiy record 

WATER^FOdD CONTROL OF m.B DEFICIEfTT D0&75 

Graph 6. — In these graphs are pre- 
sented portions of the gastric tracings 
obtained with vitamin B-deficient Dog 
25 and its water-and-food control 
companion, Dog 21 (Rose, Stucky 
and Cowgill, 1930). 
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What practical inferences for tropical hygiene can be drawn from these 
experiments ? Three points stand out clearly. 

(1) In a hot humid climate it is of primary importance to cool the body and 
help it to maintain its normal temperature. Cooling the body surface (fans, 
showers), and stimulating the splanchnic region, particularly before a meal, 
would help maintain the proper balance between the peripheral and splanchnic 
circulation and assure normal gastric function. 

(2) It is most important to insure a constant, adequate replenishment of 
water both to cool the body and, particularly, to counteract the tendency to 


anhydremia. 

(3) In general in hot climates it should be remembered that vitamin B 
requirement is constant 



Graph 7. — Comparison of 

growth curves of male mice 
under different climatic condi- 
tions (SUNDSTROEM, 1922). 

C = Control group, cold ; 
LI = Cold plus light ; HI = 
Stagnant heat, subdued light ; 
W = Stagnant heat plus wind 
increased cooling effect) ; HLI 
= Stagnant heat plus light. 


and proportionate to the 
body weight as well as 
metabolism. And since 
the total food intake is 
less at high than at low 
temperatures, it is neces- 
sary to reduce the fat 
content in the diet and 
increase the protein and 
vitamin B containing 
foods. But whatever the 
diet, one should insure, 
during the summer and 
in hot climates gener- 
ally, an adequate supple- 
ment of vitamin B. It 
is quite possible that loss 
of appetite in the sum- 
mer is due, partly at 
least, to an inadequate 
intake of vitamin B. 



Graph 8. — Comparison of 

growth curves of female mice 
under different climatic condi- 
tions (SUNDSTROEM, 1922), 

C = Control group ; LI = 
Cold plus light ; HI = Stag- 
nant heat, subdued light ; W = 
Stagnant heat plus w'ind (in- 
creased cooling effect) ; HLI = 
Stagnant heat plus light. 


Light . — One other climatic element remains to be considered and that is- 


light. We have attempted to study the effect of solar irradiation on the suscepti- 
bility of mice and rats to infection. We have also studied the literature on the 


subject. All one can say at present is that there are not as yet sufficient data 
to warrant conclusions, regarding the effect of light on the animal organism. 
Experiments on the effect of short periods of daily solar irradiation, conducted 
during the last three years, have indicated that the problem is a highly complex 
one and that one cannot treat of radiation alone without taking other climatic 
factors, sucli as temperature and humidit)'-, into consideration (Kligler and 
Olitzki, 1935 ; Kligler and Comaroff, 1935). 

In our experiments, short periods of daily solar irradiation were neither 
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harmful nor beneficial if care was taken to prevent overheating. However, at 
the high temperature prevailing during the summer, overheating is the rule 
and even short periods of irradiation decreased the resistance of the animals to 
an intravenous injection. It may, therefore, be surmised that excessive exposure 
to direct solar irradiation under our conditions is harmful, if for no other reason 
than that the resulting overheating increases the load on an already overloaded 
organism trying hard to regulate its temperature and maintain a normal equi- 
librium. 

In this connection it is of interest to refer to the experiments conducted by 
SuNDSTROEM (1922), on the effect of exposure of mice to artificial light in a cold 
and a hot-humid environment respectively. He found that at the high humid 
temperature, light adds to the retarding effect of such an environment on growth, 
and that this unfavourable effect may partly be neutralized by circulating the 
hot air, that is by increasing the cooling power. However, at ordinary room 
temperature, lightly had a slight stimulating effect on growth. The charts 
reproduced here summarise some of his experiments (Graphs 7 and S, p. 544). 

It is apparent that in a study of this problem one is beset with many diffi- 
culties and that a particular environmental factor may, under certain con- 
ditions, have a favourable effect, while under others, it may prove distinctly 
harmful. 

Summary. 

Summarizing the data presented above, it appears that a warm tropical or 
subtropical environment may enhance susceptibility to an intestinal infection 
in three ways. 

(1) The reduced cooling power of a hot humid climate causes a 
retardation in gastric secretion, breaking down the barrier to infection. It 
reduces the bacteriostatic action of the intestinal mucosa and increases the 
permeability of the intestinal wall to the infectious organism. It also increases 
the sensitivity of the intestines to toxic irritants. 

(2) An excessively dry, hot climate may produce the same effect by causing 
a loss of water. The anhydremia thus produced again reduces stomach tonus 
and gastric activity and increases susceptibility to an enteric infection. 

(3) A high temperature may produce the same effect indirectly by its 
influence on nutrition. Due to the lower food requirement at high temperatures, 
there may also be an inadequate intake of vitamin B. This in turn leads to a 
loss of appetite and may ultimately result in a state of B avitaminosis. This 
state leads to anhydremia, a reduced gastric tonus and an increased susceptibility 
to enteric infection. 

(4) Under these conditions direct solar irradiation accentuates the effect of 
the hot environment. Consequently, exposure to direct sunlight, which may 
have a favourable effect on the organism in temperate climates, may produce 
the opposite effect in a hot-humid climate. 

The experimental approach to these problems is only at the beginning, but 
sufficient data are at hand to indicate the importance of such research in the 
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elucidation of the effect of climate on the organism, human and animal, and on 
its resistance to infection. 
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CELLULAR REACTION TO BACILLUS LEPRAE*. 

BY 

ERNEST MUIR, M.D. 


The cellular reaction is of importance in all diseases caused by infective 
organisms. It is of peculiar interest in leprosy because of the low toxicity 
of the causal organism, Bacillus leprae. Due to this low toxicity the organisms 
can multiply to extraordinary numbers without causing very marked clinical 
signs, and without apparently interfering to any great extent with the general 
health of the patient. 

If we compare lepsosy with the sister disease, tuberculosis, the contrast 
is very striking. In the latter disease even a small infection sensitizes the patient 
so that an inoculation of tuberculin causes an immediate focal and general 
reaction. In leprosy the inoculation of leprosy bacilli causes no immediate 
focal and general reaction. Indeed the condition in leprosy may be compared 
with that in an advanced case of tuberculosis, in which the tuberculin reaction 
is negative ; only, while such a tubercular patient is in a highly toxic condition 
and appears extremely ill, the leprosy patient shows few or no signs of toxicity, 
can go about his work in good health, and may even show but few clinical 
signs. 

The disease of leprosy is not caused then by the toxins of the causal 
organisms, nor, except in the complication known as “ lepra reaction ” or lepra 
fever, is it due to sensitisation to the bacillus. The clinical signs and symptoms 
are caused by local cellular reaction to the bacillus, and it is the nature of this 
cellular reaction which I shall attempt to study in this paper. 

Leprosy may affect most of the organs of the body, but it is the skin and the 
peripheral nerves that are most markedly involved, and we shall confine our 
attention to these structures. 

Under certain circumstances such as in lepra fever, and when a severe tem- 
porary reaction takes place, the blood cells invade leprous lesions and phago- 
cytose the bacilli. But under ordinary conditions the cell responding to the 
presence of B. leprae, in both skin and nerves, is the endothelial cell of the 
capillary. It is difficult to say whether all endothelial cells respond, or whether, 
as some writers state, only certain specialised endothelial cells belonging to the 
Teticulo-endothelial system are involved. 

The multiplication of lepra bacilli which have entered the skin or nerves 
takes place in the intercellular lymph spaces and inside the cells. The degree 
of this multiplication, and the subsequent spread of the organisms throughout 
the tissues, are largely dependent on the degree of cellular response. 

^Communicated to a Meeting of the Edinburgh Branch on 10th December, 1935. 
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The reaction of the cells to the bacilli in their neighbourhood is three- •' 
fold, viz., increase of cells by division, ' ingestion of bacilli, and destruction 
of ingested bacilli. The more the bacilli multiply, and, therefore, the more 
bacilli there are in the neighbourhood of a cell, the more is that cell stimulated 
to respond. But apart from the number of bacilli surrounding it, the degree of 
response varies greatly in degree, and this variation is dependent on certain 
factors to be mentioned later. 

Comparison of weak and strong response. — If the response is weak then 
cell-division is sluggish, and ingestion feeble, so that numbers of bacilli remain 
outside the cells and spread in the lymph stream ; while the ingested bacilli, 
instead of being destroyed, multiply in the c 3 -toplasm. These cells gradualh- 
become distended with bacilli, vacuolated and destroved. The distended, 
vacuolated cell is the well-known “ foamy ” or “ lepra ” cell. In die nodules 
and other gross lesions groups of these cells are pressed together and mav form 
a more or less uniform bacillary mass, cemented together by mucoid material 
called by die, early leprologists “ gloea.” Between the typical lepra cells is a 
varying number of small round, l)miphoc}1:e-like cells, called bv UXN.t 
“ daughter cells,” suggesting that they constitute the young form of lepra cells. 

If the cell-response to the bacilli is strong, then both cell-dh-ision and bacil- 
lary ingestion are active (Fig. 1). The cells are formed into compact cords 
round die capillaries (see Fig. 2), from the endothelial cells of which tliev take 
origin. These are the well-known “ epithelioid cells ” (see Figs. 3 and 4) 
of the so-called “ tuberculoid ” type of leprosj-. The bacilli, instead of multi- 
plying and distending the cells, are phagoc 3 'tosed and destroyed ; they are 
therefore, few in number and difficult to find in such lesions. So active is the 
response in some cases that the cells, instead of dividing in the usual manner 
form multi-nucleated giant cells, similar to the Langhan’s cells in tuberculosis’ 
This may be carried one step further and, as in tuberculosis lesions, result 
in caseation, which, when e.vtensive, may lead to abscesses in the nerves and 
ulceration of the skin. 


We have described shortly the contrasting pathological results in weak and 
strong cell response to B. leprae. Benveen these two extremes we have all 
grades of cellular activity. IMoreover the degree of reacting power may vary 
m any case from time to time. Hence the protean forms of leprous lesions ‘ 
The principal factors influencing the degree of cellular reaction are fou^in 
number, via. (1) the age factor, (2) general health, (3) small infections with 
B. leprae, and (4) gross infection with B. leprae. 


{1) Age factor. —It has long been recognised that young children are more 
susceptible to leprosy than adults. It is only recently that tins important 
fact has been given due prominence, and its cause studied. The incidence 
among children in infectious contact is given as over 40 per cent., and coniucnl 
infections as less than 5 per cent. It is generally recognised that a simitm- 
susceptibility of children also exists in tuberculosis. In the latter disease tlie 




Fig. I. 


Fig. 1. — Macule of back in patient with high 
resistance (N«). The white mark denotes 
material removed by biopsy, a section of 
which is shown in Fig. 2. The resistance of 
this patient had been temporarily lowered, 
but had been restored shortly before the 
biopsy was made. 

Fig. 2. — Section from macule in Fig. 1 
showing skin and subcutaneous tissue. Note 
the sections of dense granulomatous cords 
round the vessels of the papillae, subpapillary 
plexus and hair follicle, which show white in 
the photograph ; also the two thickened and 
granulomatous nerve branches in the subcu- 
taneous tissue. The squares “ a ” and “ b ” 
in the latter indicate the areas shown enlarged 
in Figs. 3 and 4. No bacilli were found in the 
skin, but a few bacilli were found in the sub- 
cutaneous nerve at “ a ”. 
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Fig. 3. — Section of subcutaneous ncr\'e enlarged from “ a ” in Fig. 2. Note the few 
bacilli showing singly and in bunches ; and the large, densely packed epithelioid cells. 

Fic.-l. — Section of subcutaneous nerve enlarged from “ b ” in Fig. 2. No bacilli were 
found in this nerve. Note the giant cell and the dense cellular reaction. 
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•Section of nerve — low power — in case with low resistance (Co). The section was 
y a combined Beilchowsky and Ziehl-Neelsen method. The dark dots are masses 
of bacilli lying between the nerve fibres. Cellular reaction is absent. 

■The nerve shown in Fig. 5, further enlarged. Note the masses of bacilli between 
the nerve fibres and the absence of cellular reaction. 




Fig. — Section of .subcutaneoii.s nerve enlarged from “ a ” in Fig. 2. Note the few 
bacilli showing singly and in bunches ; and the large, densely packed epithelioid cells. 

Fig.-I. — Section of subcutaneous nerve enlarged from “ b ” in Fig. 2. No bacilli were 
found in this nerve. Note the giant cell and the dense cellular reaction. 




Fig. 5. — Section of nerve — low power — in case with low resistance (Co). The section was 
stained by a combined Beilchowsky and Ziehl-Neelsen method. The dark dots are masses 
of bacilli lying between the nerve fibres. Cellular reaction is absent. 

Fig. 6. — The nerve shown in Fig. 5, further enlarged. Note the masses of bacilli betv\'een 
the nerve fibres and the absence of cellular reaction. 





Fig. 3. — Section of subcutaneous nert^e enlarged from “ a ” in Fig. 2. Note the few 
bacilli showing singly and in bunches ; and the large, densely packed epithelioid cells. 

Fig. 4. — Section of subcutaneous nerve enlarged from “ b ” in Fig. 2. No bacilli were 
found in this nerve. Note the giant cell and the dense cellular reaction. 




Fig. 5. — Section of nerve — low power — in case with low resistance (Ca). The section was 
stained by a combined Beilchowsky and Ziehl-Neelsen method. The dark dots are masses 
of bacilli lying between the nerve fibres. Cellular reaction is absent. 

Fig. 6. — The nerve shown in Fig. 5, further enlarged. Note the masses of bacilli between 
the nerve fibres and the absence of cellular reaction. 
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I'lo. 7. — Section of supciftciiil part of skin in a new lesioit in a patient with low resistance 
title to massive general infection ; “ a ” indicates a papillary vessel with numerous bacilli, 
intra- and extra-cellular, hut no signs of tissue reaction ; “ b ” — epithelium, “ c ” = 

hair follicle. 

I'lO. 8. — ^’reased nerve fibres in a resistant (Ni) case. Bacilli are seen lying on the nerve 
fibres, ’rite cells are those of Schwann’s sheath, 'fhere is no sign of tissue reaction as the 
fibres were from the superficial part of the nerve bundle. 
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cause of this susceptibility is supposed to be that the child in a home infected 
with tuberculosis is liable to receive a greater degree of infection than the adult 
similarly placed. While increased liability to infection may partly explain the 
greater susceptibility of children (as compared with adults) to leprous infection, 
there is strong evidence that this is not the only cause. 

When a suspension of killed B. leprae is injected intradermally in very young 
non-leprous children (leprolin test), it produces but little local cellular reaction 
as compared with a similar inoculation in older children or in adults. This 
suggests that the defensive mechanism against B. leprae, viz., strong cellular 
reaction resulting in phagocytosis and destruction of bacilli, is weaker in young 
children than in adults. 

The typical form of leprosy found in children who have been in close 
contact with highly infectious cases during their first years of life is of a peculiar 
nature. The skin lesions take the form of hyperpigmented macules with slight 
parakeratosis but without any clearl}'^ defined margin. Clinically these lesions 
are difficult to recognise, while histologically they show only a mild degree of 
cellular reaction, and but few bacilli. These lesions may appear and disappear 
from time to time, and they are often widespread over the body. It has been 
shown that these macules often develop into frank lesions in later life. “ Juvenile 
leprosy ” is a convenient term to apply to this type. In adults the early lesions 
tend as a rule to be more marked clinically and histologically, and they show a 
greater degree of cellular reaction. 

We propound the hypothesis that effective cellular reaction to B. leprae, 
resulting not only in their ingestion but in their destruction, is the main protection 
of the body against the invasion and spread of these organisms. If this hypothesis 
is accepted there is considerable evidence that the greater susceptibility of 
children to leprosy is connected with weaker cellular response to B. leprae 
during the first few years of life, as shown by the weak cellular reaction to 
inoculated B. leprae, and by the type of lesions found in these cases. 

(2) General health . — A similar weakening of cell activity occurs when the 
general health is depressed by predisposing or intercurrent diseases, or by 
any other cause. This, as in juvenile leprosy, is shown by the leprolin test, 
which shows a milder local reaction to injected bacillary suspension. It is also 
shown by the clinical and histological examination of lesions. The onset of 
diseases like malaria, kala-azar, dysentery and enteric is often followed by the 
flattening out or even disappearance of prominent leprous lesions, due largely to 
the diminution or cessation of cellular reaction to B. leprae present in the skin. 
The patient may appear to improve as far as his leprous lesions are concerned, 
while all the time the infection is increasing, uncontrolled by phagocytosis. 
When convalescence sets in and the general health again improves, cellular 
reaction is restored and the lesions appear considerably enlarged and more 
numerous as compared with their condition before the temporary lowering of 
general health. 
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(3) Small infections . — There is considerable evidence that, as in tuber- 
culosis, small infections with leprosy in otherwise healthy subjects increase the 
resistance to the disease. This resistance shows itself in enhanced cellular 
reaction of the endothelial cells to bacilli in their neighbourhood. In such 
cases the tuberculoid lesion, with epithelioid and giant cells and but few bacilli, 
is common. In these cases the leprolin test gives a strong reaction, a large 
nodule, often with central necrosis, forming at the site of inoculation as the result 
of heightened cellular response to the injected bacilli. If this nodule is removed 
by biopsy and sectioned, an intense cellular reaction is found with giant cells 
present ; in fact, a lesion similar in appearance to the leprous lesions present 
in the skin. In my e.xperience in Northern India the majority of all cases of 
leprosy are of this type. This is shown to be the case when a careful house 
to house survey is carried out in endemic areas, though the proportion may be 
much smaller if those attending a clinic or segregated in an institution be 
examined. 

(4) Gross infection . — In contrast to the above, massive infection with 
B. leprae, or the presence of large numbers of these bacilli due to multiplication 
in the body (see Fig. 7), results in lowered cellular reactivity. When more than 
a certain number of bacilli have accumulated in the body a state of symbiosis is 
established between the endothelial cells and the bacilli, the latter being ingested 
and multiplying in the cells, which gradually become enlarged, vacuolated and 
destroyed. When the leprolin test is performed in patients with massive infection 
the result is generally negative, or only very slightly positive. In performing 
the test a piece of skin may be chosen where the infection is absent or only slight, 
and into this skin is injected an emulsion rich in B. leprae which has been heated 
to 120° C. for half an hour. If 2 or 3 weeks later the skin at the point of inocula- 
tion is removed by biopsy and sectioned, few bacilli are found present in the 
tissues, and only a mild degree of cellular reaction is seen. The bacilli, not 
having been ingested by the cells, pass up the lymphatics. In this case, too, 
the appearance of the leprolin nodule is similar to the lesions of short duration 
present in the skin. 

We have thus four factors, three of which {viz., tender age, debility and 
massive infection) diminish cellular reactivity to B. leprae, and one of which 
{viz., slight infections) increases their reactivity. These factors may counteract, 
supplement or succeed each other. Thus temporary depression of general 
health may counteract for the time-being the increased resistance which has been 
acquired through small infections ; but the state of increased resistance may be 
restored if the depression of health be not too severe or prolonged. The 
susceptibilit}^ of the first few years of life may be accompanied or succeeded 
by the low resistance attendant on a high degree of infection, and both of these 
may be supplemented by weak general health. 

The ebb and flow and the interplay of these various factors and their effect 
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on cellular reaction in the skin and nerves, account to a large extent for the 
multiformit}^ of leprous lesions, so difficult to describe and explain. 

So far we have referred chiefly to skin lesions, but the same laws and the 
same factors hold good in the peripheral nerves. When the skin is infected the 
infection not only spreads in the skin, but also passes up the supplying nerve 
branches. In fact, there is reason to believe that under certain circumstances 
the nerves form a more fertile medium than the skin for the multiplication of 
bacilli. This is apparently due, at least in part, to the comparative paucity 
of endothelial phagocytic cells in the nerves as compared to the skin. The 
bacilli enter a nerve bundle and pass up it in the spaces between the nerve fibres 
(see Figs. 5 and 6), and are thus not in close contact with the endothelial cells 
of the vascular capillary in the centre of the bundle. Sections of nerve bundles 
often show cellular multiplication and destruction of the central nerve fibres ; 
while at the periphery of the bundle cellular proliferation is absent, the bacilli 
are present in large numbers and the nerve fibres remain intact. 

It is questionable if the skin is ever infected to any marked extent without 
the supplying nerves becoming infected too. We speak of skin leprosy and nerve 
leprosy, and in the former it may be impossible to find clinical evidence of nerve 
affection. But in skin leprosy microscopic examination of the nerves shows the 
presence of large numbers of bacilli. In this type of the disease the absence of 
clinical signs connected with the nerves is not due to the absence of bacilli 
in their bundles, but to the comparative weakness of cellular response to the 
bacilli which are lying between the nerve fibres. The swelling and tenderness 
of nerves and the sensory and trophic changes in their distribution are due not 
to toxins set free from the bacilli, nor to pressure of the bacilli on the nerve 
fibres ; they are due to the mechanical pressure of the cellular granuloma, t.e., 
of the cells proliferating in response to the bacilli lying between the nerve fibres. 
Thus, though in the low resistant case there is massive infection of the nerve, 
the absence of marked cellular response accounts for the fact that neural signs are 
eomparatively slight. 

In the more resistant case, however, bacilli may be few or absent in the skin, 
having been destroyed by the strong phagocytic cellular response ; at the same 
time the nerves are swollen and tender, the degree of resistance being sufficient 
to stimulate the endothelial cells of the central capillary of the nerve bundle to 
high activity against the bacilli present between the nerve fibres (see Figs. 2, 
3, 4, 8). This can be demonstrated by making simultaneous clinical and 
histological studies. 

Many theories have been advanced for the curious fact that neural signs and 
symptoms are so slight in cases in which bacilli are numerous in the skin, and 
so marked in cases in which the bacilli are comparatively few in the skin. The 
above, if confirmed by other workers, would seem to offer a satisfactory explana- 
tion of this phenomenon. 

Effects of varying resistance . — We have mentioned above that not only do 
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(3) Small infections . — There is considerable evidence that, as in tuber- 
culosis, small infections with leprosy in otherwise healthy subjects increase the 
resistance to the disease. This resistance shows itself in enhanced cellular 
reaction of the endothelial cells to bacilli in their neighbourhood. In such 
cases the tuberculoid lesion, with epithelioid and giant cells and but few bacilli, 
is common. In these cases the leprolin test gives a strong reaction, a large 
nodule, often with central necrosis, forming at the site of inoculation as the result 
of heightened cellular response to the injected bacilli. If this nodule is removed 
by biopsy and sectioned, an intense cellular reaction is found with giant cells 
present ; in fact, a lesion similar in appearance to the leprous lesions present 
in the skin. In my experience in Northern India the majority of all cases of 
leprosy are of this type. This is shown to be the case when a careful house 
to house survey is carried out in endemic areas, though the proportion may be 
much smaller if those attending a clinic or segregated in an institution be 
examined. 

(4) Gross infection . — In contrast to the above, massive infection with 
B. leprae, or the presence of large numbers of these bacilli due to multiplication 
in the body (see Fig. 7), results in lowered cellular reactivity. When more than 
a certain number of bacilli have accumulated in the body a state of symbiosis is 
established between the endothelial cells and the bacilli, the latter being ingested 
and multiplying in the cells, which gradually become enlarged, vacuolated and 
destroyed. When the leprolin test is performed in patients with massive infection 
the result is generally negative, or only very slightly positive. In performing 
the test a piece of skin may be chosen where the infection is absent or only slight, 
and into this skin is injected an emulsion rich in B. leprae which has been heated 
to 120° C. for half an hour. If 2 or 3 weeks later the skin at the point of inocula- 
tion is removed by biopsy and sectioned, few bacilli are found present in the 
tissues, and only a mild degree of cellular reaction is seen. The bacilli, not 
having been ingested by the cells, pass up the lymphatics. In this case, too, 
the appearance of the leprolin nodule is similar to the lesions of short duration 
present in the skin. 

We have thus four factors, three of which {viz., tender age, debility and 
massive infection) diminish cellular reactivity to B. leprae, and one of which 
(Wa,., slight infections) increases their reactivity. These factors may counteract, 
supplement or succeed each other. Thus temporary depression of general 
health may counteract for the time-being the increased resistance which has been 
acquired through small infections ; but the state of increased resistance may be 
restored if the depression of health be not too severe or prolonged. The 
susceptibility of the first few years of life may be accompanied or succeeded 
by the low resistance attendant on a high degree of infection, and both of these 
may be supplemented by weak general health. 

The ebb and flow and the interplay of these various factors and their effect 
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IRRITATION CAUSED BY CONTACT WITH THE PROCESSIONARY 
CATERPILLAR (LARVA OF THAUMETOPOEA WILKINSONI 

TAMS) AND ITS NEST. 

BY 


R. L. CHEVERTON, M.R.C.S., L.R.C.P.. 

Senior Medical Officer, Falkland Islands ; somethne District Medical Officer, Cyprus.* 


The processionary moth belongs to the order Lepidoptera and is found 
in Europe, Africa, Madagascar and Cyprus. 

Together with other caterpillars of this division it has the property, on 
coming into contact with the skin or mucous membrane, of causing great irritation, 
as does also the dust from the nest which is a dense web, shaped like a conical 
bag usually to 1 foot in length. 

In Cyprus, Thaiimetopoca wilkitisoni Tams, a lepidopteran, is found on all 
species of pine, Pimis halepensis Mill being usually the one specially selected by 
this caterpillar. 

The life history of the processionary caterpillar (Fig. 1) is briefly this : 
The adult emerges during the period August to October, there are five larval 
instars, the eggs being laid in October. Pupation takes place in the ground in 
silk cocoons during March at sea level, but at the higher altitudes the adult 
emerges a little earlier owing to the cooler weather. 

The nest, as found in Cyprus, varies from 4 to 12 inches in length, and is 
conical in shape with its apex hanging free (Fig. 2). The colour when new is 
white and glistening but later turns to a dull brown. The nest appears in the 
small pine copses, particularly on the younger trees while the more mature trees 
remain free from assault. It has been observed that the pine trees at higher 
altitudes of 2,000 to 4,500 feet (beyond which height the caterpillar is not 

* My thanks are due to Mr. W. Morris, Government Entomologist, Cyprus, for so 
kindly taking the photograph of the larva and the photomicrograph of the hair ; also to 
Professor F. S. Bodenheimer, Professor of Zoology, the Hebrew University, Jerusalem, 
for his helpful communication. 

J 
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could be kept only about a month, it is now found practicable to make these up 
in quantity two or three times during the year, as convenience dictates ; and 
to keep them apparently indefinitely without any visible deterioration. A 
comparison of samples of the same batch of medium tubed in the old way and in 
the new in a short time affords a striking demonstration of the superiority of the 
latter. With liquid media a similar result has been obtained, and the very 
obvious diminution in bulk of the fluid, at one time so constant a feature due to 
evaporation after about a week, has been entirely obviated. In the case of the 
carbohydrates, McCartney’s method of sterilisation of the sugar solutions 
by filtration through Seitz filters, and their addition to the stock parent medium 
shortly before use, has proved quite satisfactory and is, moreover, economical 
in the case of the more expensive sugars. 

In this particular colony the departmental laboratory is freely available 
for use by the large number of private medical practitioners in the island. Blood 
culture is in frequent demand by them ; and media are supplied at their request, 
inoculated by them and returned for examination at the laboratory. These 
specimens arrive by various routes and after varying periods of time after issue. 
The employment of 6 or 8 ounce bottles provided with perforated caps and rubber 
washers protected by “ viskaps ” has materially assisted in eliminating some 
of the more undesirable features of such a system. 

In one respect local experience has not been as happy as that recorded 
by McCartney. While the smaller bottles and vials, up to 6 or 8 ounces 
capacity, withstood, with commendable fortitude, the vicissitudes of travel and 
the subsequent manipulations involved in frequent cleaning and sterilising 
the larger bottles suffered severely in transit. This could be overcome by 
adequate packing. The initial breakage-rate with these larger sizes on first 
autoclaving was and continues to be excessively high in spite of every precaution 
designed to arrest it. It would appear that once a bottle has withstood its 
first experience in the autoclave, it can subsequently be similarly treated with 
comparative impunity. Our experience is that for storing media in quantities 
over 6 or 8 ounces the bottle with stoneware stopper, clip and rubber washer 
is preferable as, with reasonably careful handling, it seems immune to fracture. 
With this exception it has been found that McCartney’s technique is particu- 
larly suitable for the conditions obtaining in this colony, and it would appear 
^mirably adapted for bacteriological work throughout the tropics in general. 

rom the aspects both of efficiency and of economy, it has proved greatly 
superior to the older methods of procedure in general use under difficult 
climatic conditions. 
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bag usually -J- to 1 foot in length. 

In Cyprus, Thaumetopoca wilkinsoni Tams, a lepidopteran, is found on all 
species of pine, Pimts halepensis Mill being usually the one specially selected by 
this caterpillar. 

The life history of the processionary caterpillar (Fig. 1) is briefly this : 
The adult emerges during the period August to October, there are five larval 
instars, the eggs being laid in October. Pupation takes place in the ground in 
silk cocoons during. March at sea level, but at the higher altitudes the adult 
emerges a little earlier owing to the cooler weather. 

The nest, as found in Cyprus, varies from 4 to 12 inches in length, and is 
conical in shape with its apex hanging free (Fig. 2). The colour when new is 
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altitudes of 2,000 to 4,500 feet (beyond which height the caterpillar is not 
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kindly taking the photograph of the larva and the photomicrograph of the hair ; also to 
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found) are more prone to be attacked ; though isolated examples are found' 
even at sea level. 

From a medical point of view the caterpillar is of interest, as it causes 
intense irritation when handled or when its nest is disturbed to such an extent 
as to cause a fine dust to be sprayed out. Contact with this will give rise almost 
instantaneously to large urticarial wheals, and intense irritation which will last 
as long as the dust remains on the clothing. Entomologists are advised to use 
rubber gloves when handling the larvae and their nests ; often the dust collects 
around the cuffs and will continue to irritate the skin for months every time the 
same coat is worn. Children playing amongst pine trees have been known 
to knock these nests with a stick and the dust immediately sets up an acute 
conjunctivitis. 

Though I have not actually seen such a case, it is reported by the villagers 
in Cyprus that they find great difficulty in swallowing if they have drunk water 
from a well over which is hanging a pine tree containing a nest. 

There are various theories as to this toxic substance but nothing definite has 
been formulated. By some it is supposed to be formic acid but I am unable to 
find any authority for this opinion. Fabre believes that the excreta in the nests, 
with which the caterpillars come into contact, is the toxic agent ; this fact might 
account for the idea of the peculiar toxic properties of drinking water 
contaminated by proximity to a nest. Matheson says that the urticating 
properties are due to special hairs or spines supplied with poison cells. (Fig. 3.) 
These hairs are hollow and contain the poison, each hair having a gland cell 
opening into the seta, which contains the poisonous secretion ; the fine barbed 
hairs penetrate the surface causing the poison to spread. The secretion inside 
the seta retains its urticating properties for a long time, thus the hairs retain their 
toxic effects. 

Dr. Bodenheimer of the Hebrew University, Jerusalem, informs me that 
Fabre’s theory is but part of the truth. The function of the two glands at the 
base of the hair is still unknown ; it is, however, interesting to note that hairs 
washed with ether and then placed in the skin do not cause any irritation, but 
the etheric extract does cause an urticaria. Pure physical irritation of the hair 
itself may thus be excluded. 

Case. 

A Cypriot boy reported at the Limassol District Hospital a few hours after 
he had disturbed a nest in a pine tree near the shore. The conjunctiva was very 
injected and there was oedema of both eyelids (Fig. 4). 

On the following day his right eye was completely closed with oedema 
and the other partially closed, the oedema had spread over the whole face. After 
a few days the general condition improved but there appeared a local and 
superficial gangrene of the right upper and lower eyelid. Gradually this 
gangrenous area separated, leaving, after 3 weeks, a superficial scar, a corneal 
ulcer and chronic conjunctivitis with a slight photophobia 
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Hot fomentations of sotlium bicarbonate and later the application of 
2 per cent, icthyol were used. Monnk; advocates tlie application of ammonia 
to the skin followed by 10 per cent, icthyol. 
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HUMAN BRUCELLOSIS IN TANGANYIKA TERRITORY. 

7'o the Editor, Transactions of the Royal Society of Tropical Medicine and 

Hygiene. 

Dear Sir, 

In. a communication on this subject by D. E. Wilson in these Transactions, 
Vol. XXIX, No. 4, p. 366, the author states that “ Manson-Bahr (1935) [these 
Transactions, XXVIII (4), 374 (Discussion)] has reported favourably on the 
intravenous use of T.A.B. vaccine as a means of increasing the euglobuHn 
content of the serum and tlius promoting phagocytosis of the offending Brucella.” 

We would like to point out that while Manson-Bahr has drawn attention 
to the efficacy of T.A.B. vaccine in this disease this possible explanation of its 
mode of action was suggested by us in these Transactions, 1935, Vol. XXVIII, 
p. 370. 

' We are, etc., 

The Wellcome Bureau of Scientific Research, H. C. Brown, 

London. J. C. Broom. 

lOih February, 1936. 


LYMPHOSTATIC VERRUCOSIS. 


'To the Editor, Transactions of the Royal Society of Tropical Medicine and 

Hygiene. 

Dear Sir, 

I read with interest Dr. Manuwa’s report of a case of “ lymphostatic 
verrucosis,”* and should like to add that this title was not selected without due 
forethought, for the introduction of a new name into an already unwieldy 
terminology is not an operation to be undertaken lightheartedly. 

I had previously considered “ elephantiasis verrucosa ” and rejected the 
name because a number of cases had been seen in which the verrucosity was 
secondary to renal oedema and other conditions not strictly falling within the 
definition of elephantiasis. I fully agree with Dr. Manuwa that there is an 
" undoubted association of the disease with elephantiasis,” but I fear that he 
has overlooked the qualification that a few cases are not associated with 
elephantiasis, when he proposes reviving the title of “ elephantiasis verrucosa.” 

I am, etc., 

Soroti, Uganda. L J. A. Loewenthal. 

3\st December, 1935. 

r-.o cr* f Lymphostatic verrucosis. Tram. Roy . Soc. Trap. Med. 

XXIX, -ioy. 

I.v Gut^r Britain bv H. R. Grubb, Ltd., Croydon. 
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Proceedings of an Ordinary Meeting of the Society, held at 
Manson House, 26, Portland Place, W.l, at S.15 p.m., 
on Thursday, 20th February, 1936. 

Sir Arthur Bagshawe, C.M.G., M.B., D.P.H., Prcsidcnl, in tlie Chair. 


The President : Before we come to the business of the meeting I must 
refer to the great loss this Society has sustained through the death of 
King George V who had been our Patron since December, 1923. 

I will read the letter which has been sent from the Society to His Majesty 
King Edward ; and ask you to stand in silence as an expression of your 
homage and respect. 
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TO THE 

KING’S MOST EXCELLENT MAJESTY. 


We, the Fellows of the Royal Society of Tropical 
Medicine and Hygiene, beg leave to express our profound 
sympathy with Your IV'Iajesty, with Queen Mary, and with 
the other Members of the Royal Family on the death of 
King George V our most gracious and beloved Patron. 

Confident in the knowledge of Your Majesty’s unfailing 
interest in the welfare of the Tropics and the work of our 
Society we, the Fellows of the Royal Society of Tropical 
Medicine and Hygiene, humbly tender to Your Majesty on 
your Accession to the Throne our heartfelt and loyal good 
wishes for a Reign long, peaceful and prosperous. 

Signed on behalf of the Fellows of the 
Royal Society of Tropical Medicine and Hygiene, 

Arthur G. Bagshawe, 
President. 
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RECENT WORK ON THE TYPHUS-LIKE FEVERS OF MALAYA. 

BY 

R. LEWTHWAITE* 

AND 

S. R. SAVOOR, 

From the Division of Pathology, Institute for Medical Research, Kuala Lumpur, F.M.S. 


Although the typhus-like fevers do not assume the importance in Malaya 
of such diseases as pulmonary tuberculosis, malaria, lobar pneumonia, and 
dysentery, certain of their features have compelled the attention of workers 
in that country. The recognition of the ruralf form of tropical typhus by 
Fletcher and Lesslar in 1924, was followed at once by the recognition of a 
second and third form of typhus fever, the urban typhus and the tsutsugamushi 
disease. The lethality is as high as that of lobar pneumonia in England. Rural 

* In addition to acknowledgements made in the text, the authors wish to thank the 
following of their colleagues at the Institute for Aledical Research : Dr. A. Neave 
Kingsbury, Director, for his interest in these investigations ; Dr. P. H. A'Iartin, sometime 
Bacteriologist, Dr. R. Green, his successor, and Dr. D. S. Maniciicar, Assistant Bacteriolo- 
gist, for their ready help in carrying out the large number of Weil-Feli.x reactions that 
were required. 

t The rural form of tropical typhus is also referred to in the literature as scrub-typhus, 
and the urban form as shop-typhus. The first designation will be adhered to in this paper, 
and for brevitj' will be written as rural typhus and urban typhus respectively. 
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typhus and the tsutsugamushi disease are predominantly diseases of the planting 
community ; many of the fatal cases have been in men of fine physique in the 
early twenties, so that the appearance of these diseases has aroused much 
perturbation and speculation as to the threat entailed to the welfare of this 
important community. Would the diseases spread and devastate ? 

The researches of Fletcher and his collaborators (see references), of 
Gater (1930), and of Anigstein (1933), dispelled much of the dread that these 
fevers inspired. Thus, though clinically all greatly resembled the classical 
typhus exanthematicus, they were shown to differ from it entirely in epidemio- 
logy, and two of them in serology. Lice played no part in transmission ; the 
diseases were endemic, not epidemic ; a period of economic distress would not 
entail decimation of populations, as the experience of the extreme depression 
of 1931-33 was later to prove. Evidence was obtained that strongly suggested 
that Tromhicula akamnshi and T. deliensis were the vectors of rural typhus and the 
tsutsugamushi disease ; and, further, that these two larval trombidiids are 
probably merely forms of the same species. Investigations also indicated that 
the viruses of these two diseases shared the only reservoir yet known — the 
rat ; and that the causal organism of rural typhus was rickettsial in its nature. 
Attempts to establish and maintain strains of the viruses of rural typhus and the 
tsutsugamushi disease in laboratory animals were frustrated by the insuscepti- 
bility of the guineapig, rat, and rabbit. 

Scope of Recent Research. 

The work to be reported is^ broadly, a continuation of the various lines of 
investigation indicated in the above summary ; and has been carried out during 
the last four years. The major results obtained can be grouped under five 
headings, viz. : — 

1. Demonstration of the rickettsial nature of the viruses of all three members 
of the tropical typhus group. 

2. The relationship of the three diseases to each other and to Rocky 
Mountain spotted fever. 

3. Search for the carriers of rural and urban typhus. 

4. Evidence as to the reservoir of the viruses. 

5. Attempted vaccination of guineapigs against experimental infection with 
rural typhus. 

(In this paper the tsutsugamushi disease and rural typhus are referred to 
as separate entities in virtue of the clinical distinction met with in human cases, 
viz., the occurrence of an initial ulcer and bubo in the former, and their absence 
in the latter.) 

Little progress was made, or could be made, until the viruses could be 
studied under experimental conditions in the laboratory. The development 
of all these five lines of research was the direct outcome of the initiation and 
maintenance of strains of the three typhus-like fevers in laboratory animals 
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*The Experimental Infection of Laboratory Anima 

THE GUINEAPIG. 

Rural Typhus . — Upwards of 250 guineapigs had been inoculatei 
drawn from 100 or more patients early in the course of the dis 
authors and by Anigstein, with little success. Febrile reaction wai 
and once only could a strain be maintained as far as the 12th generatic 
was therefore had to the use of vitamin-deficient guineapigs, which 
some days before and after inoculation on a diet of water and autocla\ 
milk and rolled oats, a diet reported on favourably by Zinnser, 
and Seastone (1931), as enhancing the virulence of experiment: 
with the endemic typhus of the United States of America, A 
ensued, save for one notable exception. From one patient (See 
strain was initiated, maintained precariously for the first few genei 
more easily, until eventually the use of the vitamin-deficient diet beca 
sary. This strain, called the “ Seerangayee ” strain, has been ma 
4 years without loss of virulence. The inoculum is usually brai 
less often heart-blood, splenic tissue, or ascitic fluid, injected intra-; 
The clinical signs in guineapigs infected by this route are an incub 
of 7 to 12 days, followed by continuous fever of 7 to 9 days’ du 
scrotal swelling occurs ; 90 per cent, of guineapigs infected by this i 

Constant postmortem signs are ascites and enlargement of 
Rickettsia are found with ease and in abundance in the ascitic fluid 
ally, in the fibrinous deposit usually present on the surface of the splet 
nodes are to be found in sections of the brain, but only rarely. Gui 
recover are immune for at least 15 months. 

The Tsiitsiigamushi Disease . — Attempts to maintain strains of th 
guineapigs have all failed, though they have been few in number t 
of opportunity. One strain was maintained for nine generations 
use of guineapigs, and then lost ; in those animals that reacted, fe\ 
ment of the spleen, and ascites were present, and rickettsia indistingui 
those demonstrable in experimental rural typhus were found in the 
and fibrin on the spleen. 

Thus rural typhus and the tsutsugamushi disease are alike 1 
marked insusceptibility of the guineapig to the respective viruses, anc 
of the criteria of infection when such be secured. 

Urban Typhus . — The first attempt to infect guineapigs with t 
urban typhus was successful. Blood was drawn from a patient on 
of fever, and inoculated intra-peritoneally into two guineapigs. B 
with fever and a redness, tenderness, and swelling of the scrotum, 
peritoneal inoculation of brain, blood, or exudate from the tunica v: 

* A detailed description of these experimental infections, with drawings, 
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strain has been maintained in guineapigs for 3^ years without loss of virulence. 
The incubation period is 5 to 7 daj's if the inoculum be tunica exudate, 6 to 9 
days otherwise. The febrile reaction lasts for 6 to / days. ^Vhen the route of 
inoculation is intra-peritoneal, the scrotal reaction occurs in 95 per cent, of male 
guineapigs if the inoculum be tunica exudate, and in 70 per cent, if the inoculum 
be brain, splenic tissue or heart-blood. It never follows subcutaneous inocula- 
tion. Its onset usually coincides with the onset of fever. Reaching the 
maximum degree of intensity on the second day, it is gone by the 5th day ; 
exceptionally, its course may be as short as 24 hours. Death is very rare. 
Infection confers an immunity of at least 6 months’ duration. 

The only constant postmortem signs are enlargement of the spleen and the 
marked changes of the scrotal reaction. In contrast to the corresponding 
findings in rural typhus, the splenic surface is smooth and ascites absent. The 
changes that constitute the scrotal reaction are a swelling of the testis, an 
injection of the two layers of the tunica vaginalis, both of which are moist with an 
exudate that becomes more fibrinous and gluey as the condition advances, a 
haemorrhagic condition and gelatinous consistence of the polar fat, and oedema 
of the scrotal tissues. Smears of the exudate show it to be predominant^ 
polymorphonuclear in the early stages of the reaction, mononuclear in the later 
stages. Rickettsia are present within the cytoplasm of the endothelial cells that 
lie in the exudate. 


the r.abbit. 

Rural Typhus. — Intra-peritoneal inoculation of infected human blood or of 
passage virus into rabbits results in the development of a positive Weil-Felix 
reaction in about one-half the number of cases ; the titres are low. Agglutina- 
tion is of the OXK type of Proteus X strains. No other sign of infection is 
evident. Attempts to establish strains by intra-testicular inoculation of virus 
failed. 

In view of these meagre results and of the marked insusceptibility of 
the guineapig, the method of intra-ocular inoculation of rabbits, practised 
by Nagayo et ah (1931) in the case of the tsutsugamushi disease of Japan, 
and t3 phus exanthematicus, was tried by the authors ■, and was at once successful. 
Inoculations of blood by this route from four of twelve human cases seen earlj' 
in the course of their disease resulted in the initiation of strains. The guineapig 
strain (Seerangayee) of rural typhus can be transferred at will to rabbits by the 
intra-ocular inoculation of heart-blood drawn at the height of febrile reaction. 

The signs of infection are an intense irido-cyclitis in the inoculated eye 
the development of agglutinins in the rabbit’s serum for the OXK type of 
Proteus X strains, and the presence, readily demonstrable, of the causal rickettsia 
m the cells of the endothelium covering Descemet’s membrane at the back 
of the cornea. The details of technique, evolution of the irido-cyclitis, and the 
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demonstration of rickcttsia, have already been described by the authors 
(Lewthwaite and Savoor, 1936). Later passages are secured by the intra- 
ocular inoculation of infected aqueous humour, drawn at the height of the 
ocular reaction. Once the first two or three passages are successfully effected, 
there is no difficulty in the maintenance of strains ; fully 99 per cent, of rabbits 
react. Five strains of rural typhus were maintained sufficiently long to enable 
cross-immunity tests to be made, and were then discarded. The condition of 
the rabbits remains good throughout the infection, and all recover. Fever is 
insignificant or absent altogether. After convalescence the rabbits are immune 
"for a period of at least 12 months. 

The Tsulsugamushi Disease.— The intra-ocular method was successful also 
in the case of the tsutsugamushi disease. From two of three patients seen early 
in the course of the disease inoculation of blood resulted in the initiation of 
strains that were maintained with ease once the second and third passages were 
secured. One strain, the Raub strain, has been thus maintained for 3-| years. 
Another strain, the Kepong strain, was maintained for the few generations 
requisite for the completion of cross-immunit}' tests. The signs of infection 
differed in no way from those typical of experimental rural typhus. Thus the 
irido-cyclitis is the same in evolution and intensity, the rabbit after convalescence 
is healthy and immune, rickettsia that appear identical with those of rural typhus 
are readily demonstrable in smears from the infected eye ; while the serum 
develops agglutinins to the OXK type of Proteus X strains. 

Urban Typhus. — Intra-peritoneal inoculation of human blood or passage 
virus into rabbits results in the development of a positive Weil-Felix reaction, 
in approximately one-half of the cases, agglutination being of the 0X19 type 
of Proteus X strains ; no other evidence of infection has been observed. 

A large number of attempts have been made to establish in rabbits the 
guineapig strain of urban typhus by the intra-ocular injection of virus. The 
results have differed considerably from those reported above in the case of 
rural typhus and the tsutsugamushi disease. Inocula of infected human or 
guineapig blood, of tunica exudate from infected guineapigs, or of emulsions 
of infected fleas {Xenopsylla cheopis)^ all of which inocula were proved infected 
by inoculation of control guineapigs, have evoked an oeular reaction in 59 per 
cent, of rabbits. Attempts to maintain strains thus initiated, by inoculation 
of infected aqueous humour, have yielded only 32 per cent, successes in the 
, second generation, 18 per cent, in the third, and nil in the fourth. Infected 
rabbits show no generalized ill-effects. The reaction differed from those caused 
by the virus of rural typhus and the tsutsugamushi disease only in duration and 
intensity, being shorter and milder. 

The inability to maintain strains of urban typhus beyond three generations 
contrasts markedly with the ease of maintenance of the viruses of rural typhus 
and tsutsugamushi. It corresponds closely, however, with the results of Nagayo 
et al. (1930) in their study of the virus of typhus exanthematicus in rabbits 
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infected by the intra-ocular method ; and with those obtained by the authors 
' in the case of the virus of Rocky Mountain spotted fever. 

Rickettsia can be demonstrated within the cells of the endothelium covering 
Descemet’s membrane, but they are scanty. A positive Weil-Felix reaction 
developed in 52 per cent, of rabbits inoculated by the intra-ocular route, titres 
as high as 1 /1925 being recorded ; agglutination was of the 0X19 type of 
Proteus strains, never of the OXK type. 

THE WHITE RAT. 

Rural Typhus . — The attempts made to infect white rats had a twofold 
object in view ; firstly, to apply to the virus the criterion of Nicolle (1933), 
viz., that the virus of a murine typhus strain could be maintained indefinitely 
in the white rat, whereas the virus of Old World typhus could not ; and secondly, 
to secure a scrotal reaction, and thereby a richer supply of rickettsia, in the guinea- 
pigs, of the Seerangayee strain of rural typhus by the interpolation of an infected 
rat in the series of guineapig passages, a procedure which had been successful in 
the hands of Pinkerton (1931) in the case of a strain of Old World typhus. 

Infection was readily secured, but was “ inapparente ” in type ; fever 
was insignificant or absent, and scrotal reaction did not occur. Inoculation of 
tissue virus from an infected rat into a guineapig always gave an infection of high 
virulence. The majority of rats died of the infection. At postmortem, enlarge- 
ment of the spleen was always present, ascites usually and, occasionally, a fibrinous 
deposit on the spleen in which rickettsia could be found. Propagation of the 
strain for 21 generations was effected, and then discontinued. Thus, by 
NiColle’s criterion, the virus of rural typhus is murine in type. 

Urban Typhus . — Only some twenty inoculations have been made. Infec- 
tion, readily secured, has always been “ inapparente,” apart from one dubious 
scrotal reaction. The rats survive infection. Inoculation of tissue virus from 
an infected rat into a guineapig by the intra-peritoneal route causes a most intense 
infection. 


THE monkey. 

The inoculations described below were made to obtain experimental 
evidence regarding the clinical distinction between rural typhus and the tsutsuga- 
mushi disease in man, viz., the presence of the initial ulcer in the latter and 
its absence in the former. 

Rural Typhus. One gibbon and three macacus monkeys were inoculated 
by the intra-dermal route. For two of them the inoculum was ascitic fluid and 
fibrin from the spleen of reacting guineapigs of the Seerangayee strain ; for 
the other two it was infected material from the eyes of rabbits of the same strain, 
which strain had been transferred from guineapig to rabbit by intra-ocular 



R. LEWTHWAITE AND S. R. SAVOOR. 


567 


inoculation of infected heart blood. Infection resulted in all four animals, 
marked by fever, leucopenia, a positive Weil-Felix reaction, and, especially, 
by dermal lesions at the sites of inoculation, which lesions in all animals passed 
through a mascular and papular stage to end as the small circumscribed ulcers, 
each with black necrotic centre and surrounding hyperaemic areola, that consti- 
tute the initial lesion of the tsutsugamushi disease in man. In three of the 
four animals swelling of the lymphatic glands also developed. 

The Tsutsugamushi Disease. — One gibbon and one macacus monkey were 
inoculated with infected material from the eyes of rabbits of the Raub strain. 
Infection occured in both, marked by precisely the same features as described 
above in the case of experimental rural t3'^phus. The dermal lesions in the 
gibbon progressed only to the papular stage, but to the necrotic stage in the 
macacus. 

Urban Typhus. — One gibbon and two macacus monkeys were inoculated 
intra-dermally with exudate from the tunica vaginalis of reacting guineapigs 
of the Manickam strain. Control guineapigs all reacted with febrile and scrotal 
reactions. Infection resulted in all three monkeys, but was mild. Fever 
was brief, and no dermal lesions occurred. Leucopenia developed in two, 
and a positive Weil-Felix reaction in all, agglutination being of the 0X19 type 
of Proteus X strains. 

Demonstration of the Rickettsial Nature of the Respective Viruses. 

Rural Typhus. — The rickettsia are present, often in large numbers, in 
guineapigs and rabbits infected with the virus ; in the former, in the ascitic 
fluid and fibrin covering the spleen ; and in the latter, when infected by the 
intra-ocular route, in the cells of the endothelium covering Descemet’s mem- 
brane of the reacting eye. In smears made of such infected material, and 
stained by Giemsa’s method, they are seen to lie within the . cytoplasm of the 
cells, the majority grouped as one or more clusters near to the nucleus. Rarely, 
extra-cellular forms are seen. In morphology they are short rod-shaped bacilli 
that show bi-polar staining. The polar granules are coccoid in shape and purple 
in tinge between them lies a connecting narrow rod that stains pale blue. 
Dimensions may be given as 0‘8 to 2-0/i in length and 0-3 to 0-5yu. in width. 
In morphology, distribution, and staining characteristics, they are identical 
with the Rickettsia orientalis shown by Nagayo et al. to be the causal organism 
of the tsutsugamushi disease of Japan. (The authors are greatly indebted to 
Professor Nagayo for the gift of smears of R. orientalis and R. prowazeki.) 

Confirmation of the rickettsial nature of the virus of rural typhus was 
afforded by the histological examination by one of us (Lewthwaite, 1936) 
of brain material from seven patients dead of the disease. In five of them 
rickettsia were demonstrated. They were found in close relation to the nuclei 
of endothelial cells in lesions of the capillaries and small arterioles. Their 
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characteristics did not differ from those described above in experimental rural 
typhus. 

The Tsiilsugmmishi Disease. — From the reacting eye of a rabbit infected by 
the intra-ocular route smears, made and stained precisely as described above in 
experimental rural typhus, reveal rickettsia that in numbers, morphology, 
distribution, and staining characteristics are identical with those of rural 
typhus. 

Urban Typhus.— The rickettsia arc found within the cytoplasm of the 
endothelial cells of the exudate covering the tunica vaginalis and parietalis 
of guineapigs that react with scrotal swelling. They are present also, though 
fewer, in smears from the reacting eye of a rabbit infected by the intra-ocular 
route, and in the fibrin covering the spleen of infected guineapigs. In some 
general characteristics they resemble R. oricnialis. Thus they are bi-polar, 
show differential staining and a distribution as clusters, and extra-eellular 
forms are occasionally seen. But they are longer and thinner than R. orientalis, 
and the two polar elements are more linear ; moreover, they are much fewer 
in number. Comparison with R. prowezeki, on the other hand, showed that 
these rickettsia of urban typhus did not differ in morphology, distribution, and 
staining charaeteristics. 


The Relationship of the Three Diseases to each other and to 
Rocky iNIountain Spotted Fever.* 

Cross-immunity experiments were carried out in the guineapig, rabbit, 
and monkey ; the criteria relied on were the clinical signs of infection and the 
Weil-Felix reactions. 


Iiiununity to Re-infcction 'with Homologous Virus. 

Five strains of rural typhus were compared with one another : complete 
cross-immunity existed. 

1 wo strains of the tsutsugamushi disease were compared with one another : 
complete cross-immunity existed. 


Immunity to Re-infcction with Heterologous Virus. 

Strains of rural typhus and the tsutsugamushi disease have been compared. 
Complete cross-immunity exists. It may be emphasized here, as recorded earlier, 
tliat in experimental infections of monkeys with either virus by the intra-dermal 
route identical dermal lesions occur. 


A » -t findings and those that follow comprise the substance of a series of 

detailed publications that are m the course of preparation, detail is omitted from this text. 
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Between strains of rural typhus and the tsutsugamushi disease on the one 
hand, and a strain of urban t)fphus on the other hand, there is entire absence of 
cross-immunity. 

Dr. R. R. Parker, Director of the Rocky Mountain Spotted Fever Labora- 
tory, Montana, U.S.A., very kindl}’’ furnislied to the authors a strain of spotted 
fever for study. Received in ticks, it was established in guineapigs without 
difficulty ; and studied in them and in rabbits for many months. 

Comparison of strains of the rural typhus-tsutsugamushi group of diseases 
on the one hand and Rocky Mountain spotted fever on the other hand, showed 
an entire absence of cross-immunity between them. 

Comparison of the urban typhus and the spotted fever strains showed 
that, when the second inoculum is the virus of spotted fever, there is entire 
absence of cross-immunity. When, however, the second inoculum is the 
virus of urban typhus, there is a very definite, though incomplete, cross- 
immunity ; it may well be that this partial immunity is more apparent than 
real, and due to the differing virulence of the two strains, the spotted fever strain 
being very virulent for guineapigs and rabbits, the urban typhus strain much 
less so. 

Our e.xperience with Rocky Mountain. spotted fever vaccine accords with 
the above results and suggestion. A batch of this tick-tissue vaccine, which is 
known to be efficacious against spotted fever and the typhus of Sao Paulo, 
was received from Dr. Parker for trial in the e.xperimental forms of the Malayan 
typhus fevers. It proved to have no protective value against them. 


Search for the Carriers of the Three Typhus-like Diseases. 

I’his investigation was made possible by the collaboration of Mr. E. P. 
Hodgkin, Entomologist to the Institute for Medical Research, F.M.S. 

It is certain that the body louse plays no part in the transmission of any 
of the Malayan typhus fevers ; and it is thought, on the available epidemiological 
evidence, that larval mites will prove to be the carriers of the rural typhus — 
tsutsugamushi group of fevers. 

The present search was restricted to the role of two species of ticks and one 
species of flea as possible carriers of rural and urban typhus. 

role of the rat-flea {Xenopsylla cheopsis). 

Urban Typhus . — It has been demonstrated conclusively, in each of three 
series of experiments, that under laboratory conditions the rat-flea {X. cheopis 
can acquire a virulent infection with the virus of urban typhus from infected 
white rats by feeding, and that on transference to an uninfected white rat it 
transmits the infection to this rat. 
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Rural Typhus.— \n the case of a parallel series of experiments carried out 
pari passu with the above series, in which the virus used was the Seerangayee 
strain of rural typhus, no evidence was forthcoming that the rat flea could acquire 
and transmit the virus under laboratory conditions. [Since the completion 
of the above investigation, one of us (Savoor) has repeated this attempt by a 
modified method, and has obtained evidence that may be interpreted as indicating 
that the rat flea has a feeble power to transmit the virus of rural typhus ; possibly 
the rat flea may prove to be a carrier of secondary importance.] 

ROLE OF TICKS. 

Two species of ticks were used, one the American wood tick, Dermacentor 
audcrsoni, the other the dog tick, Rhipicephalus sanguineus. D. andersoni, 
which so far as is known is not found in Malaya, is the most important carrier 
of Rocky Mountain spotted fever, and was used at the suggestion of R. R. 
Parker in the hope that it might prove, under laboratory conditions, a carrier 
of one or other of the typhus disease of Malaya, and so enable such virus to be 
sent to America for comparison with the many typhus strains there available. 
R. sanguineus is the carrier of fievre boutonneuse and African tick typhus. 

No evidence could be obtained that either species of tick could transmit 
or even acquire the virus of rural or urban typhus, although the procedure and 
technique did not differ in essentials from those known to be successful in 
demonstrating transmission of Rocky Mountain spotted fever. 

Evidence as to the Reservoir of the Malayan Typhus Fevers. 

It was known from the work of Fletcher and his colleagues, of Gater, 
and of Anigstein, that the probable reservoir of rural typhus was the rat. The 
authors have obtained additional evidence on this point. 

Firstly, as noted earlier in this paper, they were able to maintain the virus 
in the white rat for twenty-one generations without any loss of virulence ; and 
so to demonstrate, by the criterion of Nicolle, that rural typhus is a murine 
strain. 

Secondly , they have recovered two strains of tropical typhus from two 
of twenty-three wild rats trapped in areas in which human cases of disease had 
occurred. Both strains were established in guineapigs. Amongst other signs > 
of infection were scrotal swelling and abundant intra-cellular rickettsia in the 
tunica vaginalis. In rabbits inoculated, by either the intra-ocular or the intra- 
peritoneal route, with infected material from passage guineapigs, agglutination 
of the OXK type of Proteus X strains to titres as high as 1/1700 and 1/1925 
have been obtained. A concomitant infection with Spirillum morsus muris 
was found m both of the rat strains ; it proved fatal ultimately to the guineapig, 
so that attempts to carry out cross-immunity experiments in guineapigs were 
abandoned. Use of rabbits, however, was more successful. One of these rat 
strains was established in rabbits by intra-ocular injection of infected material 
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from a passage guineapig, and maintained by the intra-ocular method of passage 
without difficulty. The other rat strain defied repeated attempts to establish 
it thus. Cross-immunity results were as follows. Rabbits convalescent 
after infection with a strain of the tsutsugamushi disease or any of four strains 
of rural typhus were immune to the virus of the rat strain ; and conversely. 
In the case of a fifth strain of rural typhus, transferred from guineapigs to rabbits 
for the purpose, three convalescent rabbits of the rat strain showed complete 
immunity to re-infection with this strain, and three others a partial immunitJ^ 

Attempted Vaccination of Guineapigs against Experimental Infection 

WITH Rural Typhus. 

The Russian workers, Tzekhnowitzer and Palant (1933), have reported 
the successful vaccination of guineapigs against infection with the virus of typhus 
exanthematicus. They obtained their success by using vaccines that consisted 
of either formalinized or carbolised brain-tissue virus. Two attempts have been 
made by the authors to achieve a similar successful vaccination by similar 
methods. The Seeranga}'ee strain of rural typhus was used. In both, a total 
of 42 guineapigs were vaccinated at intervals with graded doses of a formalinized 
emulsion of brain-tissue virus, that varied from the dosage successful in the 
hands of the Russian workers to a dosage that was two-and-a-half times that 
given to a man in Semple’s method of anti-rabic vaccination at the Institute 
for Medical Research (assuming the dosage required for the guineapig to be 
one-thirtieth that required by man). 

All attempts failed. 

In conclusion, mention is made of five other infections that were met with 
in guineapigs in the course of the above investigations, infections which may 
resemble experimental typhus, and some of which may supplant the typhus 
virus. They were melioidosis, rat-bite fever, infections with a toxoplasma, 
with B. eiiteritidis Gaertner and with B. paratyphosus B. 
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Discussion. 


Dr. A. Felix ; It is now eight years since Dr. Fletcher read before this 
Society the first paper on the two serological types of tropical typhus, and I 
remember how puzzling his results appeared, to me and to others, at that time. 
But his results soon came to be fully confirmed and amplified, and the work 
he then presented had a most stimulating effeet on the study of typhus-like 
diseases in other countries. As a result of this work the number of so-called 
unclasscd fevers of the tropics, and outside the tropics, has been reduced very 
considerably, and the “ Typhus Group of Fevers ” has been firmly established 
and still continues to grow. Dr. Lewthwaite’s work is a most valuable contri- 
bution to the knowledge of this group of viruses, because it reinforces the 
experimental basis on which the present conception of the “ Typhus Group ” 
rests. 

Dr. Lewtuwmte has referred to Nicolle’s criterion for the demonstration 
of the murine or non-murine origin of typhus viruses. I have some doubts as 
to tlie significance of that criterion. We may take an analogy from the guineapig, 
wiiicli is one of the most susceptible experimental animals. Its susceptibility to 
infection varies enormously with the different types of typhus virus, although none 
of these viruses is a natural pathogen of the guineapig. It is possible that the 
rat behaves in a similar manner, quite apart from the well-established fact that 
the rat is known as a carrier of one or several types of typhus virus. 

With regard to the vaccination experiments, Dr. Lewthwaite has been 
using a formolised suspension of brain-tissue virus, and with this he has obtained 
negative results. It is known from earlier work with European epidemic typhus, 
that there is a marked difference in the immunizing effects of vaccines containing 
killed tissue virus or killed louse virus. The latter is an efficient immunizing 
agent while the former is not. The nature of the difference is not known, 
though the last experiments of Weil, which led to his fatal infection with the 
contents of louse-guts, seemed to indicate that there was a qualitative difference. 
It is also known that the vaccine against Rocky Mountain spotted fever i.s 
prepared from tick-virus and it seems quite possible that in the typhus group 
as a whole vaccines containing killed virus from the arthropod vector will be 
found to be superior to those containing virus from mammalian tissues. 

As to the interesting serological observations which Dr. Lewthwaite 
mentioned in connection with a variant or mutant of one of his virus strains, it 
is for me very tempting indeed, to discuss these at some length. However, I 
shall resist tlie temptation, since these immunological details would lead beyond 
the scope of the present discussion. 

Dr. William Fletcher ; Tropical typhus appeared in the Malay States in 
1J24. I went there at the beginning of 1903, and during my first twenty years 
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we did not see cases of this kind. Then suddenly the disease began to occur. 
Before 1924, 1 can remember onl}’- one case which may have been tropical typhus. 
It resembled typhoid fever, but after the patient had been ill for some time, 
the temperature came down with a run, and we thought the reason was that 
an abscess had burst. But there was no sign that any abscess had been present. 

About one-third of the population of the Malay States is Chinese, one- 
third Tamil, and the remaining one-third native Malay. The Mala 3 's live in 
the country districts away from the towns, and do not come into the town 
hospitals very much. One sees few cases of tropical typhus among them, and 
I should like to ask Dr. LEwrinv.tiTR if he thinks it probable that typhus 
smoulders among the Malays, as yellow fever does among the natives of West 
Africa. 

Lt.-Col. L. T. Poole : It may be of interest if I give a classification which 
Major J. S. K. Bovn has adopted in India. For the past few years considerable 
attention has been directed to the tvphus group of fevers, and Boyd has recentl)' 
subjected to critical anah'sis 110 cases of typhus which occurred in India in 
1934, He has endeavoured to group these cases on the basis of their serological 
reactions with different strains of B. proteus — XK, X2 and X19. Further, an 
attempt has been made to adopt a grouping according to the clinical types of 
the disease which have shown some regional variation. 

To simplify matters the classification adopted by Boyd is reproduced 
(p. 575). The table has been taken from page 362 of his communication 
on the subject which appeared in the Journal of the Royal Army Medical Corps 
of November and December, 1935 (Vol. Ixv, pp. 289-367). 

XK Group . — The cases that occur under this heading are definitely 
demarcated both on serological reactions — the titre of the serum is usually high 
to OXK — and in their clinical aspects. 

Clinically the cases are moderately severe. The rash when present is 
characteristic. It is distributed on the trunk, persists for the matter of 7 days 
and when it disappears leaves no staining on the skin. Serologically, whilst 
OXK is agglutinated to a high titre, as a rule there is practically no co-agglutina- 
tion demonstrable for 0X2 or 0X19. It is of interest to note that some 60 to 
70 per cent, of healthy normal individuals in India show a titre of from I in 25 
to 1 in 50, or rarely higher for OXK. Heterologous agglutinins for the enteric 
group, it is stated, are usually elaborated. 

Cases of this type of the disease have occurred widely througliout India, 
and there appears to be no definite regional distribution. They occur with 
maximum incidence in August, September and the early part of October, This 
somewhat restricted seasonal incidence suggests that the vector is present 
during the terminal part of the monsoon, and that it dies off during the drier 
and colder months. The vector is at present unknown, and no primary lesion 
has been detected in any of the cases in this group. Clinically and serologically 
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this type of the disease corresponds with the Malayan “ rural ” type of typhus. 

X2 Group . — Up to the present, distinction between various types of typhus 
fever has been based upon the varying serum reactions to XK and X19, but so 
far, no type of the disease has been described in which X2 is the main antigen. 
Boyd, owing to demonstrable agglutinins being present for this organism in 
fourteen of his cases, has suggested a new group. In his series of cases, however, 
whilst 0X2 was agglutinated to moderately high titre, OXK and 0X19 also 
exhibited agglutination. It is evident from the serum reaction of these cases 
that this is a group response and that the strain of Proteus representative- of the 
main antigenic component has not yet been isolated. Similarly to the previous 
group heterologous agglutinins for the enteric group are also common. 

It is interesting to note that these fourteen cases appeared to have a definite 
regional distribution. They occurred at irregular intervals from September to 
Januar}"^ with an apparent maximum incidence in December. 

On clinical grounds, whilst the cases were mild or moderately severe, the 
rash presented some points of difference from that noted in the XK group. 
In the latter group it has been mentioned that it was restricted to the trunk. 
In the cases under consideration it was much more generalised, petechial in 
nature, appearing both on the trunk and the extremities, and persisting for a 
very much longer period, leaving after its disappearance a brown staining of 
the skin. 

As in the case of the XK group, the vector is not known, and there is no 
primary lesion. The histories of these cases associate them with camp and 
jungle life. 

X19 Group . — The cases under this heading have been grouped mainly on 
clinical grounds, but even adopting this classification there appears to be more 
than one variety of the disease in the group, and so, an attempt has been made 
to sub-divide the group according to districts in which the cases conform to 
similar clinical types. The group has been divided into two sub-groups. 

(i) Poona- Ahmednagar sub-group . — In clinical manifestations and seasonal 
incidence the cases of this sub-group closely resemble the X2 group, but on the 
whole are of a more severe nature. In their serological reactions whilst 0X19 
is agglutinated, the titres are low with marked co-agglutination for 0X2 and 
OXK, in some cases the co-agglutination titres being almost as high as 0X19 
itself— obviously a group response. Heterologous agglutinins for the enteric 
group are freely produced in this variety of the disease, and are much more 
marked than in any of the other groups. 

As is the case in the other groups the nature of the vector is hypothetical 
and there is no primary lesion. Boyd notes that in one case of the series it was 
possible that the patient had been bitten by a tick, but no definite evidence was 
available. 

(ii) Bangalore i»6-^ro»/).— Clinically, cases placed under this heading 
exlubit a mild course. The rash when present is comparable to that of measles. 
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TYPHUS FETOnS IN INDIA. 

A SUGGESTED CLASSIFICATION (BOYD). 



XK 

. 

X19 


Poona- Ahmcdnagar 

Bangalore 

Geographical 

Distribution 

Northern, Eastern 
and Southern 
Commands e.xccpt 
Poona-Ahmed- 
nagar Area and 
Madras District. 
Not reported from 
Western Command 

DecGin District 
and Poona Inde- 
pendent Brigade 
Are.a only 

Dcccan District 
C.P., .and Poona 
Independent Bri- 
g.ide Area only 

Southern 
Command except 
Poona Independent 
Brigade Area and 
Ahmednagar 
vicinity 

Seasonal Incidence... 

Maximum, August 
and September 

Ma.vimum, 

December 

Ma.ximum, 

December 

More or less evenly 
spread except 
February', March 
and April 

Rash — 

No. of cases * ... 
Day of appearance 

Type 

Distribution 

Duration 

Br.15/21, Ind. 1/14 
5th or 6th 

Flush + macules 

Trunk only 

7 days 

Br. 8/8, Ind. 5/G 
Br. 3rd or 4th 
Ind. 3rd to 10th 
Macules, Papules, 
Petechial 
Generalized 

Br. 18-4, Ind. 14'4 

Br. 10/10. Ind. 6/6 
Br. 3rd, Ind. 
(average) 7tli 
Macules, Papules, 
Petechia! 
Generalized 

Br. 2.5, Ind. 10-5 

Br. 5/6, Ind. 1/21 
Br, 4th to 10th 
Ind. 8th 
Maculo-papular 

4 cases trunk only', 

2 cases trunk and 
limbs 

Ind. 3, Br. average 

d 

Staining 

Nil 

Brown + in some 

cases 

Brown 4- in some 
cases 


Duration of Pyrexia 

Average 14'2 days 

Average 12-5 days 

15'5 days 

10-4 days 

Stay in hospital 

Average 31 days 

Average 27-5 days 

At'erage 29-5 days 

Average 24-6 days 

Proteus agglutinins 

K ++ + 

2 — 

19- 

K± 

2 + + + 

19 ± 

K± 

2 ± 

19 ’4' to 4" 4" 

K± 

2± 

19 -b-f-f 


Br. = British ; Ind. = Indian. 

* Numerator shows number of rashes, denominator shows number of cases. 
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appearing on trunk and limbs and persisting for about 3 or 4 days. There is 
no very definite seasonal incidence. 

Serologically 0X19 is agglutinated to high titre whilst OXK and 0X2 are 
equally agglutinated to low titre. This type both serologically and clinically 
resembles endemic “ flea-borne ” typhus. The vector has not j^et been 
determined. 

In India much work still remains to be done on this group of fevers which 
present a profitable line of research, and it is hoped that the attention which 
has been directed to them will result in their more correct appreciation. 

It must be emphasised that the classification which Boyd has suggested is 
only a provisional one and that further research may require its amendment. 

Lt.~Col. H. E. Shortt : I did not expect to speak to-night so my remarks 
on the little I have seen of tick typhus in India must be from memory. It ma}" 
be of interest to give these briefly, as a kind of comparison with the work which 
Dr. Lewthwaite has been doing. 

The cases I have seen of typhus in India have nearly all been in the Hill 
areas, and in that connection there is some interest in what Colonel Poole has 
just been telling us with regard to the distribution of the cases and the time of 
year in which they occurred. I recently made a collection of the records of all 
the recorded cases in India, and they, clearly, fell into two groups : those 
occurring in the cold weather, and those met with in the hot weather. Those 
occurring in the cold weather are all cases in the Plains. In the hot months all 
the cases were contracted in the Hills, and it looked as if the vector or vectors 
in either case were insects which liked conditions neither too hot nor too cold. 

As to cases in Kasauli and hills round about, it seemed to be a new disease 
there. I have known that district for many years, and we used not to get these 
cases. But in the last 6 or 7 years the number of cases seen has been increasing. 
Working on this basis, I wondered if there was any new condition in that area not 
previously existing. There has recently been introduced there the grey squirrel 
from Madras. It was originally brought as an e.xperimental animal : some of 
them escaped, and later they overran the locality. They started at the north 
end of the station, and they have worked towards the south. Most of the cases 
of typhus oceurring locally have been in this northern area. We collected these 
squirrels and examined their sera by the Weil-Felix reaction and we found that 
about 60 per cent, reacted with OXK emulsions in a low titre normally up to 
25 or 50, but in some cases the titre went up to 250, and in one case I think 
to 500. I collected a similar number of the same squirrels from the Plains and 
the picture I got in them was a very different one ; instead of 60 or 70 per cent 
reacting, as in the former case, only about 20 per cent, reacted, and again with 
OXK. In neither group was there an appreciable reaction with X2 and X19 
The results of animal inoculations from human cases were very inconclusive" 
We inoculated guineapigs, rats, mice, and rabbits. The ones which, as far as 
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I remember, gave the most definite febrile reactions were rats and guincapigs. 
None of the animals showed anything in the way of marked scrotal reactions. 
In a few of the guineapigs and a few of the mice, on examining the tunica there 
was seen to be a definite inflammation, and in some cases rickettsia bodies were 
seen, though in very small numbers, and in order to find them they needed to 
be carefully searched for. 

Colonel CoVELL has been working in the same area during the last year, 
and he has isolated a strain of virus from wild rats, and another strain from fleas. 
I think the emulsion he made in the latter case was from the flea Ceratophyllus sp. 

With regard to initial lesions, we did not see them. Colonel Covell con- 
tracted the disease himself, not as a result of the work he did on the subject, 
but he took up the work because he had been a victim of the disease. He had 
a small area on his flank, which showed a series of small lesions, closely packed 
together, looking like a series of mosquito or other bites, such as flea bites, and 
they remained throughout his long illness, and the area I speak of was still 
present two months later. 

As to Dr. Lewthwaite’s work, the impression I have derived is that the 
more work that is done on this series of strains of typhus, the more is the 
tendency noticeable to bring them closer together. Dr. Lewthwaite has told 
us that when he tested his rural typhus he could produce, by intra-dermal 
inoculation, local lesions as in tsutsgamushi disease ; then he got a perfect cross- 
immunity between the two, which was not, however, repeated in the American 
strain. And, in the second place, he had a monkey which changed its serological 
reaction completely. This tends to show that we are dealing with organisms 
which are very closely related to one another. 

There are a few questions which I would like to ask Dr. Lewthwaite. 
He has mentioned one or two instances in which he gave the titre shown by the 
animals. I wondered what the average titre might.be, whether it remained 
high or low. The animals I spoke of went to a maximum of 500 in the naturally 
caught animals. I ask whether he made any attempts with his fleas to infect 
animals by means of the oral rpute. I also ask whether he made any attempts 
to obtain cultures of the virus by some of the methods now used such as in the 
chorio-allantoic membrane of chicks, or tissue cultures. 


Dr. Lepine (of the Pasteur Institute, Paris) : Dr. Feeix has raised, better 
than I could have done m^^self, the different points on which I was prepared to 
speak. There is one additional remark I wish to make ; namely, that in French 
Indo- China the situation is almost the same as in the Malay States with regard 
to typhus fevers. One finds, as in the Malay States, different types of diseases 
belonging to the typhus group, which are often mistaken one for the other, 
though they can be distinguished either by their clinical course or b)'^ experi- 
mental findings, or by .serological reactions. 
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First, in Indo-China we see typhus exanthematicus, the classical louse-borne 
disease. It was prevalent at a certain period, but is rare now. Still one can 
see some cases in mining districts of Annam, where they are introduced, usually, 
by Chinese coolies. There is nothing further to say about this type, except 
that the rash is very difficult to see in coloured people, and so we cannot be 
quite certain as to its absence which has been occasionally described as a 
particular characteristic of typhus fever in Indo-China. This type produces 
the Weil-Felix reaction in the usual manner, giving a high litre with Proteus X19. 

Secondly, we see there, too, a milder form of typhus, which we call murine, 
following Nicolle, and which corresponds to the urban type of typhus described 
in the Malay States. It is the same disease and produces the same symptoms 
in the guineapig ; fever with scrotal swelling, but no fatality in the animals. 
The serum of patients agglutinates 0X19 and often 0X2 strains of Proteus, 
at a medium or low litre, but is inactive with the Kingsbury strain. 

Dr. Lewthwaite referred to the difficulty of securing infected blood from 
patients suffering from urban typhus. This is true, as the blood is usually 
infective during the first 5 days, when the diagnosis has not, as a rule, been 
made because the patient has a negative Weil-Felix reaction. But there is now 
available a simple method of obtaining infected blood at any stage of the disease. 
We know that if the blood of the patient does not prove infective after the 5th 
day, it is not because there is no virus in the blood, but simply because, after 
that period, antibodies appear in the blood. The concentration of antibodies 
gradually increases and they become sufficient to protect the animal against 
the virus. For instance, if you take 5 c.c. of blood at any time during the course 
of the disease, as Giroud has recently shown, and permit it to clot, then discard 
the supernatant serum, wash the clot with saline solution, grind it and inject 
the suspended clot intraperitoneally into guineapigs, one may recover the virus 
long after the first days of the disease. And this holds true also for the disease 
in guineapigs. By the same method, virus can be recovered from guineapigs 
inoculated with murine typhus or typhus exanthematicus, even after the febrile 
period has ceased, occasionally 21 days after inoculation. This endemic typhus is 
rat-borne and is transmitted by fleas. All fleas are apt to be infected by the 
virus. In fact, in 95 per cent, of the cases, it is Xenopsylla cheopis which is 
responsible for transmitting the virus from rat to rat and occasionally from rat 
to man. In some cases there may be infection by the oral route in human beings, 
expecially in instances where patients have been ingesting food contaminated 
by the urine of rats, which in itself may be virulent. 

A third disease which is encountered in Indo-China belongs to the group 
of tsutsugamushi disease of Japan. I agree with Dr. Lewthwaite when he says 
that tsutsugamushi and rural typhus are the same disease differing only in 
the presence or absence of an ulcer. In Mediterranean countries there is a good 
example of a disease of a similar type, although much milder. It is the fievre 
boutonneuse, transmitted by the dog tick. As Dr. Lewthwaite told you, it is 
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true that the “tache noire, ’’which may be compared to the ulcer of tsutsugamushi 
fever, may be present or absent : it is always the same disease, namely, fievre 
boutonneuse. The presence or the absence of the “ tache noire ” or ulcer ma}'’ 
be due to the quantity of virus deposited at the site of the inoculation. 

In any case, both from clinical descriptions and from experimental studies, 
the disease met with in Indo-China is obviously very close to and probably 
identical with tsutsugamushi and rural typhus. This fever gives a positive Weil- 
Felix reaction with OXK strains as in the Malay States and Japan. But an 
interesting point is that in Indo-China we do not yet know which vector is 
responsible for transmitting it. Tsutsugamushi in Japan is transmitted b}'^ 
Trombiaila akaimishi, whereas in the Malay States, it is transmitted by Tromhicula 
delic7isis. Is it one of these mites or both, or is it a third one which transmits 
the same virus in Indo-China ? We do not know ; the fact is that Indo-China 
being geographicall}^ placed between China and Japan on one side, and the 
Malay States and the Dutch Indies on the other side, provides a link between 
the Far Eastern and the Indonesian diseases. 

Maj.-Gen, Sir John Megaw : I had intended to attack Dr. Lewthwaite 
in connection with the following statement which appears in the proof eopy of 
his paper — '* In this paper the tsutsugamushi disease and rural typhus are 
referred to as separate entities in virtue of the clinical distinction met with in 
human cases, viz., the occurrence of an initial ulcer and bubo in the former, 
and their absence in the latter ” ; but in his spoken word he has forestalled my 
criticism by telling us that the initial ulcer and bubo might not be enough to 
differentiate between the diseases ; he then went on in his paper to show, as 
clearly as anyone could show, that there were no grounds for differentiating 
betAveen these two. I can add another piece of evidence on this point : I have 
seen in a definite case of tick typhus in India a local ulcer and bubo ; the ulcer 
was at the site Avhere the tick Avas found, so that there could be no doubt about 
the diagnosis although in the great majority of cases of tick typhus in India no 
local ulcer and no bubo is found. What Dr. Leavthwaite himself has said is 
sufficient to shoAv that the local lesions are more or less fortuitous and not 
matters of essential importance. 

The only other point on Avhich I disagree with Dr. Lewthwaite is, that he 
still sticks to a local classification of the disease. He may, perhaps, claim to be 
in good company in that respect, because in other countries people insist on their 
own particular classification ; often their patriotism is such that they give the 
name of their country to the disease ; or, if they do not do that, they employ 
some other equally unsuitable name. 

I think Dr. Lewthwaite’s Avork has helped very much to clear up the 
subject ; he has made it plain that in Malaya there are tAvo types of the disease, 
one Avhich is com'-eyed by fleas, and the other by mites. In India aa^c haA'e 
abundant CAudence of the existence of the kind AA'hich is conveyed by ticks ; it 
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between types of typhus fevers. In Malaya most cases of the' tsutsugamushi 
disease have been very severe whether in young or old. Yet I can recall four 
cases at least, two of them in elderly debilitated men, characteristic in every 
sign and symptom, that ran a very mild course. 

With regard to the development of my theme that rural typhus and the 
tsutsugamushi disease should no longer be regarded as separate entities : it 
was necessary at the outset to postulate a difference between them — the usually 
accepted clinical one — in order to compare and contrast the results of our 
experiments on the viruses derived from patients of these clinical types, and to 
show thereby their identity. 
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Present Investigation. 


One of the most salient features that present themselves to an observer 
of anti-malarial effort during the past few years is the frequency of errors arising 
from the application of knowledge acquired in one part of the world to the 
solution of problems occurring in another. In spite of the vast amount of 
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malaria survey and investigation, which has been steadily increasing in volume 
and intensity since the discovery of the cyclical transmission of malaria in 1897, 
anti-malarial measures are still largely empirical. The emphasis which has 
been laid on mosquito control has led to neglect of the other aspects of the 
malaria problem, and advances in the parasitology of malaria have also been 
hindered by the crudeness of clinical practice in the tropics ; in fact more 
progress has been made in this direction in the few years that have elapsed 
since the initiation of malaria therapy for the treatment of general paresis, and the 
opportunity this gave for precise and controlled observation, than in the 
previous three decades. With- regard to the human reaction to infections, 
while the obvious differences in the reactions of tolerant and non-tolerant 
persons, or groups of population, were too obvious to be missed, there is little 
or no information available as to the ph}fsiological or sociological reasons 
for these differences. 

It follows from this that anti-malarial measures cannot be applied from 
a general knowledge of the natural laws of malaria, but only from a precise 
knowledge of the conditions actually found in the locality in question. 

The present study is an attempt to acquire more exact information con- 
cerning the incidence and course of malarial infection in an African (Bantu) 
population living in a hyper-endemic area ; to determine the events which 
underlie the commonly accepted indices of malarial intensity, namely the spleen 
rate and the parasite rate, to establish in fact a standard by which other com- 
munities may be judged ; and also to estimate the degree of disability likely 
to ensue from such infection. This information is, we believe, a primary 
need for any anti-malarial measures that may be attempted in tropical Africa 
whether for pure native or for mixed communities. In the case of the latter 
the source and reservoir of infection is always native malaria, and it is difficult, 
if not impossible, to understand truly the more complex conditions of malaria 
in mixed communities until they are elucidated by the study of the more simple 
events occurring in untreated homogeneous populations. 

Apart, however from its relevance to the malaria of mixed communities 
(such as the many small towns and the industrial or agricultural undertakings 
under alien enterprise) such study has an importance of its own. For the bulk 
of the population of Central Africa is, and will remain, a rural population. 
A large proportion of this rural population lives in areas where malaria is 
hyper-endemic, and while it is commonly assumed that under such conditions 
there must be much morbidity and a corresponding economic loss, there does 
not appear to be adequate careful observation to substantiate this conclusion. 

Thought about malaria under these conditions appears to be too much 
dominated by the findings in epidemic malaria, such as occurs in Northern 
India, and in mixed or immigrant communities, such as estate labour ; in either 
of which both the circumstances and the problem are very diverse from those of 
African rural communities. 
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II. — Summary of Puf-vious Litfraturk. 

Surprisingly few observations have been made on pure native communities living 
in h\per-endemic areas, and while there are a number of reports on the results of blood 
examinations of children (and occasionally adults) in different parts of tropical Africa, 
they are all inadequate in their ecological data, and rarely refer to more than a single set of 
examinations. 

So far as I have been able to ascertain, all the more complete African studies refer 
to semi-urban or urban and, therefore, mixed communities. 

SchOffxer (1919) has given the most complete discussion of hyper-endemic malaria, 
based on his studies in Sumatra. He pointed out that infections decrease in a typical 
manner with age (benign tertian before quartan, and quartan before subtertian, infections), 
and explains this sequence, not by the decreasing number of relapses, but by the trend of 
all attacks to run to a natural cure, while the length of time required for a cure decreases 
as immimity is acquired. This is supported by the rapid decrease in the gametocyte 
rate (from 51 per cent, in children under 2 to S per cent, in adults). The relationship 
found between the spleen (92 per cent.) and parasite rates (37 to 38 per cent, in children, 
and S to 1 1 per cent, in adults) is contract- to the results of workers in other tropical hyper- 
endemic areas (see Christophers infra) ; but Helffekk'H (2934) has reported the presence 
of a high parasite rate with a lower spleen rate, also in Sumatra. Schuffx-er also found 
that while the death rate was about 10 per cent, higher than in non-endemic areas in 
Sumatra, the birth rate was the same. 

In a more recent contribution Schcffn'er, Swellengrebel, Anxecke, and de Meillon 
(1932) have compared these finding with those in Bantu in South Africa. They find 
that in the case of the Bantu the parasite rate reaches a peak of 100 per cent, in children 
of “ play age,” and never falls below 40 per cent. ; while the spleen rate in adults is nearly 
50 per cent, as compared with nearly 100 per cent, in children. They explain the difference 
as being due to fundamentally diverse tj-pes of reactivity to malarial infection. In the 
Malay the reaction is to suppress completely the parasites of each fresh infection, and 
there is a persistent splenic enlargement corresponding to this activity. The Bantu, 
on the other hand, has an inherited tolerance to malarial infection which results in a kind of 
commensalism, a tolerance which is reflected in the lesser degree of splenic enlargement and 
the fewer enlarged spleens. 

Christophers (1924) studied a communin' in the mining villages of Singhbhum 
in Bengal by the more refined method of parasite counts. He found that the parasite 
rate rose to 100 per cent, in the third year of life and remained high throughout childhood, 
while the average parasite count dropped from 10,659 per c.mm. in the second year to 
7,124 in the third year, and then again to about 1,000 per c.mm. for the rest of childhood. 
The spleen rate rose to 92 per cent, benveen the ages of 3 and 5, and then fell to 74 per cent. 
In adults there were few parasites, little signs of malaria, and the spleen rate dropped 
to 11 per cent. He concluded that in a high state of endemy a substantial degree of 
immunity was acquired during the first two or three years of life, with the result that while 
“ attack ” conditions were present continuously for the first two years of life (“ acute 
infestation ”), they were only present once in 6 months in adults (“ immune infestation ”). 
Gametocj-te rates were highest in the second year, and were associated with acute infections 
and a lack of immuniu*. He failed to establish any correlation betn-een malarial infection 
and anaemia, and noted that these children appeared to be in a fair state of health after the 
first two years. 

The picture presented by Christophers is questioned by Kligler and Mer (1933), 
who state that infection in children in Palestine does not begin to decline until after the 
fourth year. Kligler and Reitler (1928) had preHously recorded the occurrence in 
Palestine of seasonal epidemics in their “ hj-per-endemic ” area. But though the mean 
spleen rate was in the region of 75 per cent, the mean parasite rate in children under 4 
was only 35-2 per cent., rising to 45-4 per cent, in the age group 5 to 9. In one group 
of villages the parasite rate in children under 4 rose from 20-9 per cent, to 48-3 per cent, 
during the epidemic season, and from 7-2 per cent, to 26-5 per cent, in adults. There 
was thus a greater seasonal increase in adults than in children, and the. conditions in the 
area studied were obviously very- different from those in Singhbhum. Tliese authors 
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evidently failed to appreciate the great difference in liability to infection in Palestine, 
where malaria transmission is seasonal, as compared with hyper-endemic areas in the 
tropics, where transmission is continuously or almost continuously present. A sirnilar 
contrast is drawn by Reichenow (1929) between Hausas, in West Africa, and Bulgarians. 

■ Perry (1913) remarked on the lack of apparent effect of malaria on the physique, 
at any rate of adults, of the aboriginal tribes in the Jeypore Hill Tracts of the Madras 
Presidency. These people had a parasite rate of 80 per cent, and a spleen rate of 80 to 
90 per cent. 

Both he and Phillips (1924) compare the aborigines with more recent Aryan immi- 
grants, and find a great difference in the effectiveness of their respective responses to 
malaria, the latter having much the greater susceptibility even after years of settlement 
in a hyper-endemic area. They have a higher spleen and lower parasite rate as compared 
with the aboriginal tribes (compare SchUffner ante). 

It is therefore evident that there is a good deal of discrepancy between the findings 
in different races and under differing conditions of hyper-endemicity. While it is difficult 
to believe that the fundamental human reaction to malaria can be different in different races, 
there is not yet enough evidence to bring these conflicting findings into coherence. It 
is, however, apparent that the events which are found to occur in one race cannot be 
explained in terms of the findings in another. 

Turning to Africa, the records are found to be less complete. In one of the earliest 
studies, Stephens and Christophers (1900) give a general description of native malaria 
in Nigeria and the Gold Coast. They state that there is a condition of infection in native 
children without febrile disturbance, and a condition of active immunity in the adult 
accompanied by a progressively scantier development of parasites. Daniels (1901) 
also stated that fever was common in native children, but rare in adults. The spleen rate 
rose to a maximum at the third year and then declined. 

The earlier figures given for the parasite rate are comparatively low, owing to the 
use of thin films, as for example Annett, Dutton, and Elliott (1901) and Sorel (1911) ; 
and more modem authors often fail to state whether thick or thin films were examined. 
Many authors have recorded series of examinations which show the decrease of parasitisa- 
tion in children with advancing age, among them Leger (1914) in Nigeria, Leger and 
Baury (1922) in Senegal, Barreto (1927) in Portuguese Guinea, Schwetz and Baumann 
(1929) in the Congo. 

Reichenow (1929), working among Hausa children, found a steady decrease in the 
number infected after the age of 5 ; before this 100 per cent, were infected, and in the 
age-group 16 to 20 only 55 per cent. He thought it an exaggeration to say that malaria 
was an illness of black children. 

In Sierra Leone, Macdonald (1926) showed that in an area where the average parasite 
rate in children was 41 per cent., and the spleen rate 50 per cent., there was no reduction 
up to the age of 12 years ; in another area where the parasite rate and spleen rate were both 
72 per cent., definite reduction occurred after the age of 10 years. Both these areas 
were urban, and not hyper-endemic to the extent that is commonly found in rural areas 
in East Africa. Another mixed urban population in the vicinity of Lagos was studied 
by Barber and Olinger (1931) who found that the parasite rate rose from 28 per cent, 
in the first year to 98 per cent, at three years and then fell to 76 per cent, between 13 and 
15 ; over 16 it was only 48 per cent. The number of heavier infestations began to fall 
earlier, namely, after 2 years of age, when it was 78 per cent, of all infections, to a level 
of only 9 per cent, after the age of 16. p'rom the results of observations on African employees, 
they conclude that adults never acquire a complete tolerance to malaria ; but they come 
to no conclusion as to the importance of malaria in causing infantile illness. 

Van Nitsen (1933) found that a maximum parasite rate of 96 per cent, occurred 
between the ages of 2 and 3 in the Congo, but this was accompanied by little illness. 

Thomson (1934) examined 103 Nyasa village children monthly, over a period of a 
year (by thin films). Only four of these children were consistently negative, but there were 
no very severe infections. He found no decrease in the frequency of Plasmodium faldparion 
infections, but both P.vivax andP.malariae had disappeared by the age of 10 He con- 
cluded that the development of tolerance was a gradual process but that its development was 
unaccompanied by signs of illness. ^ 



». BAGSTliU WILSON. 


587 


Another village community tvas studied by Garnham (1935) in Kcnj'a. He reports 
that over a period of one year there was no apparent seasonal change in the parasite rate, 
that symptoms were mild, and that each adult had on an average only one attack of fever 
annually. All children were infected within d months, P. falciparum and P. vivax preceding 
P. inalariac. The parasite rate declined during childhood to a level of 25 per cent, in adults. 
Out of four infant deaths which occurred, one was attributable to malaria. 

These and other papers by observers in Africa concur in the conclusion that malaria 
has its efflorescence in childhood, as shown by the high but decreasing parasite rate at that 
ngc. They also give the impression that probably in childhood, but certainly in adult 
life, malaria causes comparatively little illness in Africans. None of them, however, throw 
much light on the nature or origin of immunity e.vcept by inference, and there are some 
discrepancies which arc difficult to e.vplain. 


III. — The Environment and the People. 

1. The Locality. 

The villages which arc the subject of this investigation lie about 15 miles to the North 
West of Tanga, which is on the East African coast in the North of Tanganyika. The 
three villages are referred to collectively as Gombero, a much larger village in their near 
vicinity. They were chosen on the grounds of malariousness and stability of population ; 
they lie away from any main routes, and are believed to have as stable a population as any 
in the vicinity of Tanga ; they arc not liable to extraneous influences, such as European 
estates and missions, which might affect their malariousness. 

Mgandi and Mwengere, the villages concerned, lie about 1 mile on either side of the 
Msimbazi, a seasonal river 15 to 30 feet wide during the rains, but drying up to a chain 
of pools during the dry season. 

During the rains water also collects in a number of depressions, and the pools so formed 
persist for a period after the rains, one of them only drying up towards the end of the 
dry season. There are a few shallow wells, some used for drinking and others for 
bathing. 

Two-thirds of the houses are built of mud, one-third of plaited coconut leaf, both 
types are roofed with a thatch of . coconut leaf. About equal numbers are one, two or 
three-roomed ; none have any windows ; one in six has a separate hut for cooking ; and 
a quarter have verj'’ insanitary pit latrines. The average number of persons to a house 
is about 3-5. 

Nearly everyone sleeps on a bed, the children sleeping with their mother ; there 
are two mosquito nets in all. 

2. Climate. 

There was a wide departure from the normal seasonal variation during the period 
of this survey. The mean rainfall distribution at Tanga for the 12 years, 1921-32, was as 
follows : — 


Table I. 



Jan. 

Feb. 




June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total 

Mean 

1933 

2-0 

6-6 

2-4 

5-1 

4-7 

3-8 

9-4 

4-4 

8-5 

3-7 

3-4 

1-1 

2-3 

5-2 

2- C 

3- 7 

3-1 

1-5 

3*8 

1*5 

4-5 

4-C 

3-1 

1-4 

49-8 

41-C 
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There is, then, a main rainy season from March to the beginning of June, followed 
by a long dry period, and a shorter “ rains ” in October or November. The cycle was 
interrupted (see Table 1) from October, 1932, until the early part of 1934, although there 
was a number of heavy isolated downpours. This failure of three rainy periods caused a 
serious food shortage at Mwengere, and a lesser shortage at Mgandi. 

The direct effect on the observations here recorded was to make the year 1933 
unrepresentative of any seasonal changes which occur in this area. 

There are comparatively small variations on the coast in the temperature maxima 
and minima during the year ; so small (from 28° to 32° C.), that they can play no important 
part in the ecology of anopheles. 

No observations have been made on humidity, but the climate at Gombero is slightly 
drier than that of the coast proper. The rainfall for the 12 months, December, 1933, 
to November, 1934, was 42 inches, of which 9 inches fell on 4 days in March and 17 inches 
in June and July. The total for Tanga was practically the same for the period, but the mean 
temperatures at Gombero are rather higher and humidity is also reduced by distance 
from the sea. 


3. The People. 

With the exception of three Wanyamwezi, the population of these villages consists 
entirely of members of the Digo tribe, a Bantu tribe of northern origin which has lived 
at or near the coast for several generations at least. 

The total number examined at the several two-monthly examinations has been 443 — 
233 at Mgandi and 210 at Mwengere ; but at any one time not more than 360 are actually 
resident in these villages. Some of the difference is accounted for by births (28) and 
deaths (11), some by marriage changes (this affects children as well as adults, for young 
children remain with the mother), some by men, with or without their wives, going out to 
work on plantations, and the remainder mostly by visits to relations. Forty men are 
known to have gone away to work for periods up to a year or even more, and 170 other 
persons are known to have been away for some days or longer, while many more have 
probably not been recorded. Twenty have left, apparently not to return. 

It will be observed that the hoped-for stability has not altogether been realised. 
On the other hand, hardly any strangers come to these villages, and the movements which 
do occur are, in tbe great majority of cases, to and from places within 10 to 15 miles, 
in which the malarial status is very similar. 

The age composition of the villages is as follows : — 

Table II . 


POPULATION IN ACE CROUPS. 



0-5 

G-IO 

11-20 

Over 

20 


0-5 

G-10 



Mgandi M 

19 


19 

58 

Gombero M 


35 

23 

— 

99 

F 

9 

III 

19 

78 

F 

37 

23 

4G 

94 

Mwengere M 


16 

19 

4G 

Vunde M 

48 

35 

7 

70 

F 


m 

o 

04 

F 

43 

7 

21 

65 

Total 

7G 

69 

G2 

246 

Total 

178 

100 

99 



The enumerations at Gombero itself and at Vunde (4 miles east of Gombero) were 
made as a check on the findings for the selected villages, and there is sufficient corre- 
spondence to give a certain amount of confidence that the group examined is typical 
of this area. * 














D. BAGSTER AVILSON-, 


580 


4. Food and Economic Resources. 

The staple food is cassava, together with various kinds of small beans ; maize, sweet 
potatoes and millet arc also eaten to a small extent. Fat is obtained from coconut and 
various kinds of green leaves are an adjunct to the main food. During their season-many 
mangoes are eaten. Owing to the drought of 1933, the diet at that time was so reduced 
(more particularly at Mwcngerc) that obvious malnutrition resulted, particularly in 
children. The drought was later accompanied by locusts, which proved a most valuable 
addition to the diet. 

Although' 1933 was exceptional, there is nearly always a quantitative food deficiency 
at the end of the dry season. Qualitative deficiencic.s are present all the time in varying 
degree. These are a shortage of fats and of vitamins, the deficiency of the latter being 
greatest towards the end of the dry season, when both greens and beans are scarce. The 
main vitamin deficiency is in the A factor. 

Infants are breast-fed up to a year or even longer, but from the age of a few weeks 
breast-feeding is supplemented by starchy foods of a varying degree of unsuitability. 

Little improvement of diet or of the rest of the physical environment could be 
maintained without a rise in the economic level, which has declined greatly in the last 
few years. At one time copra (dried coconut) was a considerable source of wealth, now 
the price has dropped and it is hardly worth preparing. Cattle were another source of 
wealth, but these are decreasing on'ing to East Coast fever, the advance of trypanosomiasis 
and other diseases. There are still a few cattle whose milk is sold. Meat is a coveted 
lu.xury, and the amount of it consumed would form a good index of the general economic 
level. Goats are a form of capital, only drawn upon in emergency. 

In paid employment on sisal estates it takes these men fi weeks or more to complete 
a card of 30 days’ tasks, as they are quite incapable of working continuously for more than 
a few days at a time ; for this they receive 12 to 25 shillings. 

Regarded physically, the final as well as the first impression of the inhabitants of 
Gombero is their utter inability to make an adequate response to any stimulus ; their 
quietness, their slowness and their poor physique. The complement to this, is their 
deteriorating economic status, which their physical condition provides no reserves to 
meet. 


5 . General M orbidity and Mortality . 

The necessity for not demanding too much of the people being examined unfortunately 
prevented that detailed survey for the presence of other diseases which would have com- 
pleted the background for the specifically malarial observations of this survey. Numbers 
of the people did, however, present themselves, or their children, at our dispensary for 
treatment. The chief complaints in the age-group 1 to 5, were of “ chest ” (in which 
case a capillary bronchitis %vas often present), of “ fever ” (which was confined to this 
age-group), and of “ stomach ” (which we believe to be generally a symptom of malaria), 
diarrhoea was a less common but distinct complaint. A purulent gingivitis was almost 
universally present at this age, but only occasionally complained of. In the age-group 
6 to 20, the chief complaints were of yaws and schistosomiasis. In adults, the commonest 
complaint was of constipation, closely followed by “ chest ” which included two cases of 
chronic bronchitis, one of pleurisy and one of pneumonia, but was most commonly^ a 
manifestation of some sort of cardiac dysfunction (tachycardia, etc.) due to ankylostomiasis. 
Yaws and gonorrhoea were both common in adults. 

Tiiberadosis. — There have been two deaths from this disease, and we have also made a 
clinical diagnosis of pulmonary tuberculosis in two other cases without being able to 
confirm it on a single examination of the sputum. It seems probable that more careful 
examination of the whole population would have revealed further cases. 

Aiikylostomiasis . — Stool examinations have been made of the whole population at 
Mgandi, e.xcluding children under 1 year. The results are shown on p. 588 : 
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Tahle 111. 

INCIDENCE OF ANKYLOSTOMIASIS AT GOMBERO. 


Age. 

Negative. 

Positive. 

1 

O 

.7 

0— 5 


S 


1 

0—10 


7 

s 

6 

11—20 

1 

HI 

7 

2 

21— :io 


10 

HI 

o 

:ii— 40 

1 

11 

9 

n 

-41— no 


8 

7 

r, 

0\’cr no 


C 

9 

1 


Number cxawincd, ^53 : Ankylostomc ova present in 146. Ascaris ova in 3. Tricho- 
strongj'lus ova in 2, together with ankylostomc ova in both cases. 

Decrees of infection (after concentration by salt floatation) : l. = Less than 1 to a field 
(magnification X 80) ; 2.= 1 or 2 to a field ; 3.=Several or many to a field. 


It may be seen from Table III that, after the age of 5 (more correctly after the age of 3) 
ankylostomiasis is present in 09 per cent., and that the heavier infections .are increasingly 
present after that age. It c.annot be adduced as an important cause of anaemia earlier than 
this. For discussion of the relationship of anaemia and ankylostomiasis, sec pp. 613, 614. 

Schistosomiasis . — Soon after they begin to go to the pool to bathe, children begin 
to be infected, that is about the age of 6. From 7 or 8 up to the age of 20 boys are 
universally infected, and while practically all are passing some blood all the time, half of them 
arc passing it in fairly considerable quantity, and in a few the urine is brown and thick 
with blood and other cells. The hc.aviest infections are in the first half of the period. 
While some girls are infected, a greater number are not : the number examined is not 
great enough for more precision than this. In adult life, the number of males with active 
infections steadily decreases with advancing age, and the severity of the haematuria in a 
corresponding degree. The proportion of women who have been infected increases 
somewhat in adult life. The period at which schistosomiasis is likely to be an important 
factor in the causation of anaemia is then between the ages of about 7 and 25, or less. 


Causes of Death. 

There have been 1 1 deaths in a population of about 420 during a period of 20 months, 
a death rate of 15-7 per 1 ,000. This may be compared with the results of an investigation 
which is being conducted, largely on members of the same tribe, in the coastal area of 
Kenya (Philip, 1934), but on a population of over 50,000. There the death rate is 20-19 
The infantile mortalitj- rate in this area was 125, compared with 148-5 in Kenya 
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The details of the eleven deaths were as follows : — 

(1) m. 62 years. Strangulated hernia. 

(2) f. 37 „ . Salpingitis and peritonitis. 

(3) m. 27 „ . Haemoptysis. 

(4) m. 12 „ . Disseminated tuberculosis, peritonitis, 

(5) m. „ , Diarrhoea (not seen). 

(6) m. , 1 year . “ Chest ” (last seen 2 weeks before) ; died 3 months after first 
infection with malaria, verj" heavy infection and severe anaemia, also rickets. 

(7) m. 9 months. “ Chest ” (last seen 3 weeks before) ; no complaint of “ fever ” 
and rnalarial infection had fallen to under 3,000 per c.mm. Death not attributable to 
malaria e.vcept as an important contributor^' cause. 

(8) m. 3 months. No history (last seen 3 weeks before death). Had malarial 
infection of over 20,000 per c.mm. Death mainly attributable to malaria. 

(9) m. 2 months. Never seen. History of “ stomach ” but not “ fever.” (But 
see p. 589.) 

(10) m. 5 weeks. Malaria. Film taken 3 days before death showed an infection 
of over 20,000 per c.mm. and one segmenting subtertian parasite. 

(11) f. 2 weeks. Prematurity (never seen). 

Philip ascribes 11 -8 per 1,000 of infant deaths to malaria. 

6. Birt/i Rate and Sun ival. 

The birth rate, of 40 per 1,000, corresponds fairly closely to the figure of the Kenya 
investigation, which was 49-36. 

.A.S an attempt to relate these births, over the short period of less than 2 years, to the 
more permanent status of the population, the children bom to each woman are here com- 
pared with similar figures from the Union of South Africa (1932). 


Table IV. 

BIRTHS AND SURVIVAL. 



Europeans 

South 

-Africa. 

Africans 

Urban 

Port 

Elizabeth. 

Africans 

Rural 

South 

Africa. 

Gombero. 

Number investigated... 

Census Total 
1926 

309 

460 

114 

Average age ... 

37 

39-9 

— 

35-5 

Average number of births per woman 

3-59 

6-OG* 

8-63 

2-75 

.-Average number of children died ... 

0-62 

2-99 

4-33 

1-17 

.-Average number of survivors 

Deaths per 1,000 births, in lifetime 

2-97 

3-07 

4-32 

1-58 

of mother ... 

173-5 

493-6 

500-6 

426-7 


* Includes premature and still births. 

C 
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In preparing the figures for Gombero (Table IV), all women above the age of 18 were 
included, this being the approximate age of marriage. On the assumption that 45 may be 
taken as the upper limit of the child-bearing age, 32 women whose child-bearing was 
complete had 36 children survdving or an average of 1-13. 

While allowing that these numbers are very small, and no more than an index of what 
is happening in the areas round about, they do at least suggest that the level of fertility 
is very low indeed. The general impression gained from our experiences of these villages 
is that the low survival is due to infantile rather than child mortality. Survival is, however, 
appreciably greater than in the South African native groups. 

7. Medical Treatment. 

The only medical treatment available in the area was provided by an African dispenser, 
who was one of the staff of this survey. With the exception of injections of bismuth 
sodium tartrate for yaws and syphilis, he gave no specific treatment of any kind for any 
disease to inhabitants of the selected villages. The people themselves were indifferent 
to treatment of any kind unless their disease were very painful, and would take no trouble 
to obtain it. They make spasmodic use of various barks and leaves for the treatment of 
fevers and other diseases, but the use of such medicaments, supposing that they possess 
any activity, was too infrequent to play any important part in the reduction of malaria. 

IV. — The Vector, Its Prevalence and Injectivity. 

1. Breeding Places. 

With one exception, all collections of larvae have been taken in two types 
of water, either in pools in the river Msimbazi, or in the rain water pools that 
have their origin during the rains. Even during the rains odd collections of 
larvae are found in river pools, but more often in the dry weather before the 
river has dried up completely ; the river is, however, the less important source 
of anopheles, so far as these villages are concerned. During and after the 
rains, each of the rain pools carries many thousands of larvae, A. gambiae vastly 
predominating. 

A. funestus (type) is comparatively uncommon, breeding amongst reeds 
at or near the edges of both types of pool, but mainly in the largest and most 
permanent one. There is at this pool both a greater depth of w^ater and a deeper 
canopy of reeds. 

A. coustani {mauritianiis) (type) also selects the deeper shade on both 
types of pool. It is not very common. 

A. squamosits is found mainly in the rain pools at the edges, but in the 
slighter shade only. 

2. House Infestation. 

Only A. gambiae and A. funestus have been caught in houses, the proportion 
of the former to the latter being 20 to 1 (See Table V). The following observa- 
tions cover a period of 16 months, from August, 1933, to November, 1934, 
and are based on 2,08/ house searches, each house being gone over comnletelv 
once only. 

The average number of anopheles per house over the whole period tvas 
5-6, males IT and females 4'5. Of the two types of house construction, mud 
houses, average 6-2, seemed to be more attractive to anopheles than those walled 
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with cocoanut leaf, average 5'0. The reasons suggested for this difference 
are that, owing to their more open structure, coconut-leaf houses offer less 
perfect shelter, they are also lighter and drier than mud-built ones. There is 
some difference between the infestation in Mgandi and Mwengere ; at the 
former the mean of female anopheles per house is 4-1 and males 1-0 ; and at 
Mwengere females 5-2, males 1-2. 

The seasonal variations in house infestation are shown in Table V and 
Figure 1 (pp. 594, 595). The variation in the number of female anopheles per 
house is from 0-6 to 14-9, the variation occurring during 1934 being probably 
fairly typical, while that of the latter part of 1933 is not, for the reason already 
explained on pp. 587, 588. There are, then, always quite appreciable numbers 
of anopheles, but it is only for three or four months of the year that they are 
present in large numbers ; anopheline infestation depends on rainfall which is 
great enough to form accumulations in the pools and river bed. 

Since June, 1934, a series of more complete searches has been made in 
parallel with the searches which provided the data given above. In each 
village six houses were chosen as catching stations ; this eliminates variation 
due to differences in structure. Only three or four houses were searched 
in a morning, and each was gone over until no more mosquitoes could be found. 
The proportion which the results of the two methods show to one another 
is 98 to 45 ; in other words, twice as many mosquitoes can be caught by pro- 
longed searching. 

It is, therefore, evident that the true house infestation would be at least 
double that shown in Table V, and almost certainly even greater than this. 

As approximately one-third of the houses were searched weekly and the 
effect of this, more especially in the dry season, would have been fairly con- 
siderable, all anopheles caught, with the exception of those retained for 
dissection, were released when the day’s catching had been completed. 

3. Anopheline hifectivity . 

Infectivity has been measured by gland examinations only, except in a' few 
of the earlier batches, w'hen midgut dissections were also made. The general 
result of these examinations is to show a sporozoite rate of 12-2 per cent. 
(Mwengere 14*4 per cent, and Mgandi 11-1 per cent.). 

The seasonal variations which occur are shown in Table V and Figure 1 
in which they are compared with those which occur at Ngomeni, south of 
Gombero, a place at which breeding is always more scanty. These histograms 
are substantially the same, the difference being those of degree only. They both 
show a rise in the numbers of anopheles and in the proportion of infected 
anopheles following very rapidly after the onset of the rains. Even a very 
transient replenishment of the rain pools causes a fair anopheline rise, as in 
October-November, 1933, and an increase in infectivity, as in November- 
December of the same year. 



SUMMARY OF MOSQUITO FINDINGS AT GOMBERO. 



Midgut dissections 236 ; Oocyst rate 9-7 per cent. 
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Figure 1. 
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This rise in anopheline infectivity is not due to a precedent rise in human 
infectivity, on the contrary the latter follows rather than precedes it. It appears 
that there must be some biological difference in the parasite-vector complex 
consequent on rain, which causes or permits a more rapid and more certain 
development of sporozoites. 

The maximum infectivity of 24*0 per cent, in July, 1934, is the highest 
that has been recorded in this survey, and corresponds to a known house in- 
festation of 3-58 infected, and probably infective, anopheles per house and to 
a probable infestation of at least 7 per house. Assuming that a female anopheles 
feeds every fourth night and that there are 3-5 persons per house, each person 
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sleeping in one of these houses during this month of highest infestation was 
likely to receive an infecting bite every other night. At the end of the dry weather 
on the other hand, the chance of an infecting bite was only 1 in 300 on any one 

“ght. ' -j 1 

It must not, however, be assumed that infection occurs only inside the 

house; it may occur outside as well. We have observed anopheles biting 
out of doors, and also on most of the few occasions that we have continued work 
in these villages in the open after dark one of us has been infected. (When 
we remained in our camp, which was sufficiently far from the village to have 
very few anopheles, we were never infected in a much larger number of visits.) 

The essence of the anopheline situation in these villages seems to be that 
transmission is due to A. gambiae, which is dependent on rain for its breeding 
places and for acquiring its maximum infectivity ; that the locus of infection 
is in or about the house ; and that whatever measures of personal protection 
were adaptable to these scantily-clad people would be quite inadequate to protect 
them from frequent infection and re-infection for at least three to four months 
in the year. 


Y. — ^The Course of Individual Infections. 


1. Methods . — Thick and thin films have been taken from all persons 
examined, at two-monthly intervals. These films were air dried, the thin films 
stained by the Shute modification of the Leishman technique, and the thick 
by either Geimsa stain or Kleine’s eosin-azur II method.* 

All blood films have been examined and counted by either my wife 
(Dr. Margaret Wilson) or myself ; the sole purpose for which African assistance 
has been used being to search thin films for parasites, which, when found, 
were seen by one of us. 

Thick films have been used for counting parasites and, in a small pro- 
portion where there was no reasonable doubt, for diagnosis of species. In 
the majority (about 90 per cent.) the thin film was used for diagnosis. Parasites 
have been counted against leucocytes in preference to Sinton’s fowl cell method 
for a variety of reasons. It is ex-tremely difficult to maintain an even distribution 
of fowl cells, and as in addition parasites are not uniformly distributed in thick 
films, it appears that this method can only be an approximate and comparative 
one. While counting against leucocytes is probably an even greater approxima- 
tion, it is one which is universally applicable without special equipment or 
practice. The clinching consideration for the purpose of this survey was that 
a varjdng number of slides were taken by Africans, and others, who could not 
be expected to learn the method. The leucocyte standard is based on a series 
of 80 white cell counts of persons of all ages at Gombero. 


*Staining for one W with a mixture of 0-1 c.c. of 1 per cent, eosin and 1 c.c. of 
0-16 per cent, azur II, in 20 c.c. of distilled water. 
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It is proposed to give in this section an account of malarial infection from 
birth to adult life, as seen in this community, mainly from the clinical point of 
view. The figures on which this account is based will be given in Section VI. 

2. In Infancy . — Owing to the length of the interval between the examina- 
tions and the reluctance of parents to allow examination of quite new-born 
children, a precise statement of the time of occurrence of the first infection 
of the children at Gombero is not possible. It can, however, be stated that all 
cases examined within the first month (except in the period immediately after 
the rains) were negative. The general condition of the babies at this early period 
of their lives was excellent. They were fat and placid, usually peacefully asleep, 
and generally in very much better health than the mothers who had borne them. 

A month or two later the same child, who had previously been so healthy 
would present a very different picture. To the most casual observer the child 
was evidently ill ; it was fretful and feverish, snufffing and constipated. On 
examination at or very soon after the first finding of parasites, the haemoglobin 
had dropped from about 85 per cent, to about 45 per cent., the spleen had 
enlarged up to or beyond the umbilicus, high temperatures were recorded 
and a congestive condition of the lungs, which is difficult to classify, was often 
present. This state persisted for 6 months or rather more, and then, except 
for the few cases which ended fatally, improvement began to be seen. 

It cannot be pretended that this striking change is solely due to malaria. 
The grossly unsuitable diet that begins to supplement breast feeding a few weeks 
after birth is at least an important concurrent factor in its causation. But the 
sequence of parasitization, together with the rapid drop in haemoglobin, point to 
malaria as its prime cause. 

Twenty-five babies have been observed from birth for a varying period up 
to 19 months, and of these, six typical records are given in Table 6. The critical 
age period is in all cases to some extent conditioned by the date of birth in 
relation to season, but the appearance of the first infection was never later than 
5 months after birth, while the average was 2 months. 

This first infection was usually Avith P. falciparwn alone, but if sometimes 
accompanied by P. malariae or P. vivax, these were only seen in comparatively 
small numbers. The usual sequence was for P. malariae to be added to the 
blood picture after an interval of 2 to 4 months, and P. vivax or P. ovale even 
later.* 

During the period of acute infestation, which lasts for the first 18 months 
after the first infection, very high parasite counts are found, f oftener in some 

^‘The presumed explanation of these findings is that the more virulent suppresses the 
more benign infection, an explanation which is supported by the work on monkey malaria 
by SiNTON and Mulligan, and others, Avho have shown that underlying an apparently 
pure virulent infection there were latent one or more milder species. 

yCounts of over 20,000 per c.mm. were all included as that figure in order to save 
the great expenditure of time involved in very high counts. The result is that the actual 
average figures given for the earlier years of life are a good deal too low. 
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S = P. fakiparmn. Q — P. vialariae. B — P. vivax. O — P. ovale, g = gometocytes. 
The figures represent the numbers of parasites per c.mm. (o\-er 20,000 included as this figure). 
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than in others. But in most cases counts of over 20,000 per c.mm. were 
seen once or more, and more frequent examinations would probably have 
revealed them in some of the remainder. One of the striking features of this 
period is tlie difference in the degree of infestation in different individuals. 
These babies were constantly being re-infected by fresh invasions of sporo- 
zoites : the differences cannot, therefore, be due to variation in the parasites, 
but rather to a variation in individual resistance. 

The average count for this first year was more than 7,800 per c.mm., 
and this degree of infestation showed little abatement during the second year, 
when it was more than 7,200 per c.mm. In spite of the persistent parasitization 
the degree of anaemia begins to diminish, and by the age of 2 the critical period 
is undoubtedly passed. The stage of critical illness attributable to malaria 
is in fact a good deal shorter than this, and it is probably justifiable to regard an 
infant as being out of direct danger from malaria 6 months after its first 
infection. 

The second year is the period at which all three or four (including P. ovale), 
species of parasite are most likely to be found. 

It is also the period during which tlie gametocytes of one or more species 
are almost certain to be present. It is, in fact, when the infection is past its 
zenitlt that infectivity becomes a characteristic of these children. Neither 
when they are immune, nor before they have acquired their immunity, but when 
thej'^ are in process of the change-over to the immune state is their most 
infective period. It is unfortunately impossible to present this conclusion 
statistically, as it depends too much on the general physical condition in relation 
to the parasite count. 

Very soon after the first infection great enlargement (up to or beyond tlie 
umbilicus) of the spleen occurs, and there is no noticeable decrease during the 
first two years of life. 

It is notable that two, and perhaps three, out of the total of six infant 
deaths were directly attributable to malaria. This is in accord with the severity 
of infection seen in the majority of babies. 

3. In Childhood . — The third, fourth and fifth years of life are characterized 
by the instability of the malarial status. They might, in fact, be described as 
the period of semi-immnne infestation. In all individuals the parasite infesta- 
tion is swinging irregularly from high to low with corresponding but lesser 
upward swings ; the counts rarely fall below 50 and equally rarely rise above 
10,000 per c.mm. Differences in individual susceptibility are accordingly less 
obvious at this period. 

Fever is irregularly but often present, pyrexia up to 100° F- being frequently 
recorded. The spleen begins to be relativel)’’ less palpable as tolerance is 
increasingly established, and the general condition is much improved. In all 
but one or two individuals, children of this age run about and play as if they 
had nothing the matter with them. 



Table- VI. 

GOMBERO. BLOOD EXAMINATIONS IN TYPICAL INFANTS, 
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g = p, falciparum. Q = P. malarine. B = P. vhmx. O — P. ovale, g — gamelocytes. 
The figures represent the numbers of parasites per c.mm. (over 20,000 included as this figure). 
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than in others. But in most cases counts of over 20,000 per c.mm. were 
seen once or more, and more frequent examinations would probably have 
revealed them in some of the remainder. One of the striking features of this 
period is the difference in the degree of infestation in different individuals. 
These babies were constantly being re-infected by fresh invasions of sporo- 
zoites : the differences cannot, therefore, be due to variation in the parasites, 
but rather to a variation in individual resistance. 

The average count for this first year was more than 7,800 per c.mm., 
and this degree of infestation showed little abatement during the second year, 
when it was more than 7,200 per c.mm. In spite of the persistent parasitization 
the degree of anaemia begins to diminish, and by the age of 2 the critical period 
is undoubtedly passed. The stage of critical illness attributable to malaria 
is in fact a good deal shorter than this, and it is probably justifiable to regard an 
infant as being out of direct danger from malaria 6 months after its first 
infection. 

The second year is the period at which all three or four (including P. ovale), 
species of parasite are most likely to be found. 

It is also the period during which the gametocytes of one or more species 
are almost certain to be present. It is, in fact, when the infection is past its 
zenith that infectivity becomes a characteristic of these children. Neither 
when they are immune, nor before they have acquired their immunity, but when 
they are in process of the change-over to the immune state is their most 
infective period. It is unfortunately impossible to present this conclusion 
statistically, as it depends too much on the general physical condition in relation 
to the parasite count. 

Very soon after the first infection great enlargement (up to or beyond the 
umbilicus) of the spleen occurs, and there is no noticeable decrease during the 
first two years of life. 

It is notable that two, and perhaps three, out of the total of six infant 
deaths were directly attributable to malaria. This is in accord with the severity 
of infection seen in the majority of babies. 

3. hi Childhood . — The third, fourth and fifth years of life are characterized 
by the instability of the malarial status. They might, in fact, be described as 
the period of semi-immune infestation. In all individuals the parasite infesta- 
tion is swinging irregularly from high to low with corresponding but lesser 
upward swings ; the counts rarely fall below 50 and equally rarely rise above 
10,000 per c.mm. Differences in individual susceptibility are accordingly less 
obvious at this period. 

Fever is irregularly but often present, pyrexia up to 100° F. being frequently 
recorded. The spleen begins to be relatively less palpable as tolerance is 
increasingly established, and the general condition is much improved. In all 
but one or two individuals, children of this age run about and play as if they 
had nothing the matter with them. 
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After the age of five, malaria shows a constant decline, a decline that has 
a consistency which is absent in the three preceding years. Tin’s consistency 
is reflected in tlie parasite counts, which rarely rise above 1,500 per c.mm. 
Negative blood films arc occasionally found, and become increasingly common 
towards the end of childhood. The decline in parasite infestation may, however, 
be interrupted to some extent by any great rise in the infected anopheline 
infestation, as occurred, for example, in the months of July and August, 1934. 

After the fifth year P. vivax is very rarely seen, but P. malariac is still 
■common and may be found alone, although P. falciparum remains the dominant 
infection in most cases. Symptoms are absent whatever the species of the 
infection. 

Gamctocytcs become increasingly uncommon and are never present in 
the large numbers found during the second and third years of life. 


Tadli: VII. 

c;oMni:no. ni.ooD fa'aminations in typical children. 


Date. 

Case 7!l. 

Age 2J— years. 

Case 90. 

.Age 2-4 years. 

Case lOo. 

.Age 3-5 years. 

lOa.'i June 
Aug. 
Nov. 
10:M Jan. 
Mar. 
^'lay 
July 

Oct. 

Dec. 

SQ 18,000 

SQg 2,000 

Sg 5-10 

.SQB 4, .(20 

SQg .■),9!)0 

.SgQB 1,120 

SgQ 7,400 

SQ 18,000 


S .3,980 

S 080 

SQB 4,170 

SgQ 2,110 

SQB 448 

Sg 1,200 

SgQBg 2,100 

SgQB 1,400 

SgB 920 


Case 28. 

.•\gc 7-9 years. 

Case 141. 

Age 7-9 years. 

Case loS. 

Ape JO-1:? years. 

]!).■).') June 
Aug. 
Nov. 
lO-M Jan. 
Mar. 
Mav 
July 
Oct. 
Dec. 

Sg 140 

S 2,030 

SQB 780 

S 5 

SgQ -4,000 

Sg 070 

SQ 280 

SgQ O.OO 

SQB 1,020 

-b 30 

Q GO 

S 30 

ncg. 

Q 30 

S 2, .720 

S 140 

S (10 

S 3.70 

— 

ncg. 

B 220 

S 00 

S 120 

S SO 

S GO 

S 00 

SQ SO 

S 220 


S 1\ fnlcipnrmn ; Q = P. waUmne ; B R vivax ; « 
present, but species not icicntified. CounLs given to tlic nc.t’rest 


— gitmetocytcs ; 
10 per c.mm. 


+ = parasites 
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4. In Adolescence and Early Adxilt Life . — ^At this age the degree of infestation 
has fallen to a level which it substantially maintains for the rest of life ; the 
stage of “ immune infestation ” has in fact been fully achieved. Completely 
parasite-free individuals are a rarity, but the finding of any great number of 
parasites is an equally great rarity. The parasite rate declines during this period 
from about 60 per cent, to 40 per cent. Young people, and more particularly 
young women between the ages of 17 and 20 5 '^ears, possess that same ebullition 
of vitality which is seen at this age even in non-tropical countries and people. 
It appears, therefore, that whatever part malaria may play in lowering the 
physical condition of communities in hyper-endemic areas, that part has already 
been played before adolescence. 

Some qualification must, however, be made in the case of those individuals 
who for one reason and another spend periods in other localities. These 
result in fresh infections, which may lead to a varying degree of temporary 
slight disability. These infections were not sufficiently great in number to 
produce an appreciable effect on the rates at Gombero, but they appeared to 

Table VIII. 

GOMBERO. EXAMINATIONS IN TYPICAL ADULTS. 


Date. 

Case 0. 

Case 154. 

Case 113. 


Age 20- 

-22 years. 

Age 20-22 

years. 

Age 32-34 years. 

1933 June 

neg. 


S 

40 

neg. 


Aug. 

S 

2,040 

S 

40 


50 

Nov, 

nog. 


S 

100 

neg. 


1934 Jan. 

neg. 


neg. 


neg. 


Mar. 

-f 

40 

S 

170 

Q 

70 

May 

S 

20 

neg. 


neg. 


July 

s 

10 

neg. 


neg. 


Oct. 

s 

70 

neg. 


neg. 


Dec. 

neg. 


S 

60 

S 

5 


Case 169. 

Case 2 


Case 46. 


Age 30- 

-32 years. 

Age 36-3S years. 

Age 45- 

-47 years. 

1933 June 

neg. 


+ 

20 

neg. 


Aug. 

neg. 


s 

100 

S 

10 

Nov. 

SQ 

2,760 

s 

240 

neg. 


1934 Jan. 

S 

50 

Q 

60 

S 

220 

Mar. 

S 


s 

70 

S 

70 

May 

s 

40 

+ 

5 

neg. 


July 

s 

20 

neg. 


neg. 


Oct. 

neg. 


neg. 


neg. 


Dec. 

S 

40 

+ 

5 

S 

120 


S = P. falciparum ; Q = P. malariae ; B ~ P. vivax ; g ~ gametocytes ; + = parasites 
present, but species not identified. Counts given to nearest 10 per c.mm. 
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After the age of five, malaria shows a constant decline, a decline that has 
a consistency which is absent in the three preceding years. This consistency 
is reflected in the parasite counts, which rarely rise above 1,500 per c.mm. 
Negative blood films are occasionally found, and become increasingly common 
towards the end of childhood. The decline in parasite infestation may, however, 
be interrupted to some extent by any great rise in the infected anopheline 
infestation, as occurred, for example, in the months of July and August, 1934. 

After the fifth year P. vivax is very rarely seen, but P. malariae is still 
■common and may be found alone, although P. falcipanm remains the dominant 
infection in most cases. Symptoms are absent whatever the species of the 
infection. 

Gametocytes become increasingly uncommon and are never present in 
the large numbers found during the second and third years of life. 


Table VII. 

GOMBERO. BLOOD EXAMINATIONS IN TYPICAL CHILDREN. 


Date. 

Case 79, 

Age 2i-4J' years. 

Case 96. 

Age 2-4 years. 

Case 165. 

Age 3-5 years. 

1933 June 
Aug. 
Nov. 

1934 Jan. 
Mar. 
-May 
July 

Oct. 

Dec. 

SQ 18,000 

SQg 2,500 

Sg 540 

SQB 4,420 

SQg 3,990 

SgQB 1,120 

SgQ 7,400 

SQ 18,000 

S 136 

S 1,190 

S 260 

SgQ 270 

SQ 2,240 

SQ 680 

Q 5 

Q 50 

SQ 300 

S 3,980 

S 680 

SQB 4,170 

SgQ 2,110 

SQB 448 

Sg 1,260 

SgQBg 2,100 

SgQB 1,400 

SgB 920 


Case 28. 

-Age 7-9 years. 

Case 141. 

Age 7-9 years. 

Case 158. 

Age 10-12 years. 

1933 June 
Aug. 
Nov, 

1934 Jan. 
Mar. 
May 
July 
Oct. 
Dec. 

Sg 140 

S 2,030 

SQB 780 

S 5 

SgQ 4,000 

Sg 670 

SQ 280 

SgQ 960 

SQB 1,620 

+ 30 

Q 60 

S 30 

neg. 

Q 30 

S 2,520 

S 140 

S 60 

S 350 

neg. 

B 220 

S 60 

S 120 

S 80 

S 60 

S 60 

SQ 80 

S 220 


S — P. falciparum ; Q = 
present, but species not identified. 


malariae- B = P. vivax ; g = gametocytes : 
Counts given to the nearest 10 per c.mm. 


+ = parasites 
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4. In Adolescence and Early Adult Life . — At this age the degree of infestation 
has fallen to a level which it substantially maintains for the rest of life ; the 
stage of “ immune infestation ” has in fact been fully achieved. Completely 
parasite-free individuals are a rarit 5 % but the finding of any great number of 
parasites is an equally great rarity. The parasite rate declines during this period 
from about 60 per cent, to 40 per cent. Young people, and more particularly 
young women between the ages of 17 and 20 j^ears, possess that same ebullition 
of vitality which is seen at this age even in non-tropical countries and people. 
It appears, therefore, that whatever part malaria may play in lowering the 
physical condition of communities in hyper-endemic areas, that part has already 
been played before adolescence. 

Some qualification must, however, be made in the case of those individuals 
who for one reason and another spend periods in other localities. These 
result in fresh infections, which may lead to a varying degree of temporary 
slight disability. These infections were not sufficiently great in number to 
produce an appreciable effect on the rates at Gombero, but they appeared to 

Table VIII. 

GOMBERO. EXAMINATIONS IN TYPICAL ADULTS. 


Date. 

Case C. 

Age 20-22 years. 

Case 154, 

Age 20-22 years. 

Case 113. 

Age 32-34 years. 

1933 June 
Aug. 
Nov. 

1934 Jan. 
Mar. 
May 
July 

Oct, 

Dec, 

neg. 

S 2,040 

neg. 

neg. 

+ 40 

S 20 

S 10 

S 70 

neg. 

S 40 

S 40 

S 100 

neg. 

S 170 

neg. 

neg. 

neg. 

S 60 

neg. 

T 50 

neg. 

neg. 

Q 70 

neg. 

neg. 

neg. 

S 5 


Case 1C9. 

Age 30-32 years. 

Case 2. 

Age 36-38 years. 

Case 46. 

Age 45-47 years. 

1933 June 
Aug. 
Nov, 

1934 Jan. 
Mar. 
May 
July 
Oct. 
Dec. 

neg. 

neg. 

SQ 2,760 

S 50 

S 

S 40 

S 20 

neg. 

S 40 

+ 20 

S 100 

S 240 

Q 60 

S 70 

+ . 5 

neg. 

neg. 

+ 5 

neg. 

S 10 

neg. 

S . 220 

S 70 

neg. 

neg. 

neg. 

S 120 


^ ^ . uiuiuTiue ; S3 = I', vtvax ; g = game 

present, but species not identified. Counts given to nearest 10 per c.mm. 


+ — parasites 
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do SO in the case of the township of Tanga, and caused a more considerable 
effect on the labourers of a sisal estate at Ngomeni near Tanga. 

5. In Adidts,— The only interruptions to the even tenor of the irnmune 
state in adult life appear also to be due to visits to other areas. There is also 
a rise, very slight in Gombero but greater in Tanga, in the number of parasites 
present in the blood during the period following the rains. The total number 
of cases in Avhich, as a result of both these causes, the parasite count rose above 
1,000 per c.mm. was only 25. There were only two examinations at Gombero 
in which the count rose above 8,000 in adults. The variation in individual 
tolerance is apparent in the accompanying illustrative summaries of blood 
examinations. Of 246 adults examined 12 only were negative on six or more 
occasions. 

VI. — Mal.aria in the Community. 

1. Introductory . — ^Epidemic malaria in the full sense of the term is not, 
so far as I am aware, known in Tanganyika Territory, although the possibility 
of its occurrence in connection with the non-immune communities at present 
living in the malaria-free zones is not so remote as it might at first sight appear. 

The malaria that is present in the villages studied is essentially hyper- 
endemic having, as described in the preceding section, the characters of a high 
degree of infestation during the early years of life, and a lesser infestation with 
freedom from symptoms after childhood. This is Christophers’ conception 
of “ acute infestation ” and “ immune infestation,” which he first applied to 
communities very similar to those which we have studied. 

During the whole period of investigation 3,292 blood films were e.xamined, 
of which 61-05 per cent, were positive. There was a small difference between 
the rates at Mwengere, 63-75 per cent., and Mgandi, 58-57 per cent. These 
correspond with the differences in the anopheline infectivity at the two places. 

2. Variations in Parasite Incidence with Age . — Excluding the short initial 
delaj- before the first infection, 100 per cent, of children under four years are 
infected, and there occurs a corresponding maximum parasite infestation* 
of 7 ,875 per c.mm. during the first year of life. Following this first efflorescence, 
although the parasite rate still remains at 100 per cent., there is a rapid decline 
in the parasite infestation till it reaches its minimum level at about 14 or 15 
years of age, the mean level from this time on being 177 per c.mm. The 
parasite rate, however, declines more slowly, and does not reach its minimal 
level until well on into adult life, falling to 67-9 per cent, at age 1 0, and to a mean 
of 45-3 per cent, during adult life. 

The full results are shown in Fig. 2 (p. 603) and Table IX (p. 604). They 
correspond extremely closely to the results of Christophers (1924) and are 
in general agreement with the various previous findings in hyper-endemic areas 
in tropical Africa. 

This term is used hereafter for the average parasite count among infected persons. 
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Table IX. 

GOMBERO. AGE VARIATION IN PARASITE RATE AND INFESTATION 


Age. 

Total 1 

Examined. 

Positive. 

1 

Per cent. 1 

Infestation 

Index. 

0-1 

120 i 

105 

87*5 

7,875 

1 

75 [ 

75 

100-0 i 

7,170 

0 

94 ! 

94 

100-0 i 

4,732 

3 

100 

100 

100-0 

2,702 

4 

80 

84 

97-7 

1,790 

o 

79 

77 

97-4 

828 

0 

94 

83 

88-3 

460 

7 

81 

04 

79-0 

791 

8 

81 

00 

74-1 

427 

0 

80 

72 

83-7 

325 

10 

50 

38 

i 07-9 

450 

12 

82 

51 

02-2 

040 

14 

52 

29 

1 55-8 

174 

IG 

103 

02 

00-2 

230 

18 

00 

37 

50-1 

203 

20 

137 

00 

48-2 

245 

21-25 

314 

104 

52-2 

169 

2G-30 

250 

130 

i 54-4 

202 

31-35 

200 

99 

j 47-0 

178 

30-40 

270 

107 

1 39-0 

180 

41-45 

150 

57 

! 38-0 

220 

40-50 

150 

57 

1 30-5 

209 

Over 50 

288 

120 

41-7 

172 
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3. The spleen Rate . — Spleens were examined in the standing position by 
Schuffner’s method, and the size numbers given in Fig. 4 are those obtained 
by this method. 

Figure 4. Attention has already been 

drawn to the rapid enlargement 
of the spleen which follows the 
first infection, and it is found that 
there is a preponderance of these 
large spleens in infants. This is 
succeeded by a progressive de- 
crease in the size, and in the 
number, of enlarged spleens, 
during childhood and adolescence. 
The spleen rate (age 2 to 10) is 
85 per cent., and the adult spleen 
rate 39 per cent. The fall with 
age is as follows : — 

Under 1 . , 89 per cent. 

2 to 5 . . . . 93 „ 

6 to 10 . . . . 77 ,, 

11 to 20 .. .. 44 „ 

Over 20 . . . . 39 „ 


It is evidently of great im- 
portance that the samples of 
children taken in the determination 
of the spleen rate should be cor- 
rectly distributed among the 
different ages. 

A secondary rise in the 
average enlargement occurs during 
adult life, as is shown in Fig. 5, 
which may be due to the summa- 
tion of the effects of repeated re-infections, or, on the other hand, to the added 
effect of other diseases such as ankylostomiasis. 

The results shown in Figs. 4 and 5 lend support to the theory of the spleen 
rate elaborated by Christophers (1924, 1927) and more particularly that the 
greater degrees of enlargement represent the result of a continuous state of 
infection ; but that they also connote immunity seems to be less certain. We 
have observed that individuals with a great degree of enlargement tend to 
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master their infections more rapidly, but it still remains true that the increasing 
immunity of childhood is accompanied by a diminishing spleen, it may even be 
an impalpable one. Immunity must, in the light of other work already quoted, 
depend on activity of the spleen, as a part of the reticulo-endothelial system, 
but the presence of a palpable spleen is evidently not a corollary of its lesser 
activity in the fully-developed immune state. 

4. Seaso7ial Variatioti in Parasite Incidence . — The seasonal variations in the 
parasite rate are shown, together with rainfall and the results of house catches of 
anopheles, in Fig. 6. The results of blood examinations are also summarised 
in Table X (p. 607). 

Figure 6. 



During and following the long rains of 1934 there was a small rise in the 
parasite rate, but the most noticeable feature of this rise was its insignificance. 
The lack of a corresponding rise in 1933 was due to the shortage of rain and 
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Table X. 

GOMDERO. SUMMARY OF BLOOD EXAMINATIONS. 


Month. 

■ 

1 

1- 

•5 

c- 

10 

11- 

■ 

Over 20 

Total 

Positive. 

Per cent. 

Pos. 



Neg. 

Pos. 



Ncg. 

Pos. 

Ncg. 

Examined. 

Positive. 

1933 

Apr. 

2 

0 

38 

0 

29 

IG 

20 

31 

72 

101 

309 

B 

52-1 

June 

9 

2 

47 

1 

31 

11 

25 

21 

81 

105 

333 


58-0 

Aug. 

12 

2 

41 

2 

30 

9 

31 

23 

7G 

104 

3.30 


57-5 

Oct. 

1C 

2 

43 

1 

32 

10 

33 

17 

75 

97 

32G 


Gl-0 

1934 

Jan. 

9 

2 

40 

0 

34 

9 

29 

15 

91 

98 

327 

203 

G2-1 

Mar. 

10 

0 

47 

0 

an 

11 

20 

32 

7o 

113 

349 

187 

53-6 

Maj- 

17 

1 

47 

0 

38 

9 

2G 

82 

82 

100 

341 

210 

Cl-C 

July 

18 

0 

4r, 

1 

44 

2 

28 

20 

83 

97 

.338 

218 

G4-4 

Oct. 

11 

0 

40 

0 

44 

2 

33 

14 


80 

329 

233 

70-8 

Dec. 

■1 

B 

42 

0 

43 

3 

34 

9 

87 

81 

309 

215 

69-G 


113 

IG 

430 

0 

3G0 

82 

279 

203 

827 

97G 

.3,291 

2,009 

61-0 


consequently of anopheles ; while the rise in 1934 would presumably have been 
even less apparent but for the long preceding dry period. The general upward 
trend of the parasite rate is partly (perhaps 1 to 2 per cent.) attributable to 
improved staining of the films. 

This slight seasonal rise in the parasite rate is due in part to more rapid 
infection of babies after birth, and for the rest to a fairly evenly distributed 
increase among all ages over five. 


Table XI. 

INFESTATION FIGURES AT TWO-MONTHLY EXAMINATIONS. 


1933 


1934 


1934 


July 

705 

January 

776 

July 

1,071 

September . , 

690 

March 

790 

September . . 

1,069 

December . . 

725 

May 

935 

December . . 

889 


(These figures represent the infestation index taken from 100 persons of all 
ages. They are multiplied by 100 in Fig. 7.) 

The degree of parasite infestation shows a much more noteworthy rise 
following the rains. Table XI shows that there is a difference of over 50 
per cent, between the lowest and highest infestation indices for the period of 
investigation. In comparison with Tanga (see Figs. 7 and 8) the rise is relatively 
less, but this comparison reveals also the much greater total degree of para- 
sitization. 

D 
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Reference back to Table IX (p. 604) shows, how'ever, that over five-sixths 
of this parasite load is carried by children under 6 or, put in another ivay, of 
215,000 parasites counted, 186,000 -were in children of this age. Similarly, 
this seasonal rise is chiefly accounted for by a rise in the infestation index among 


Figure 7. 



Figure S. 
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young children ; for example, the index in children aged I to 5 for September, 
1933 was 2,117, while for September, 1934, it was 4,537. The rise becomes 
progressively less in the older age-groups. 

Perhaps in a succession of more normal years this seasonal effect would be 
less conspicuous, but it would surely in some measure still be present. It 
reveals the instability of the immunity acquired, even in a highly hyper-endemic 
area, during the whole of childhood, 

5. Human lufectivity . — The incidence of gametocytes is summarized 
in Table XIL From this it is evident that children are by far the most important 
infectors of mosquitoes. For various reasons gametocytes were not counted 
separately, but it was found that the numbers present in individual children were 
very much greater than in adults. 

The earliest age at which gametocytes (in this case of P. falciparwn) have 
been seen was 6 weeks, but the usual age at which they first appear is 6 to 12 
months, and the maximum production is about a year later. At this time game- 
tocytes of all three species may be found, but, corresponding to the general 
predominance of subtertian infections, crescents are by far the commonest. 
After the age of 5 years the gametocytes of other species are a rarity. 

Some qualification of the figures given in Table XII is necessary. As a 
result of the practice of e.xamining both thick and thin films, it has been found 
that “ crescents ” are quite frequently not seen as such in thick films, and it 
is only the last four or five series of examinations that are fully affected by this. 
It has also been found that the quickest way of finding the largest number of 
gametocytes of all species is by examination of thin films with the inch 
objective. The combined result of these two improvements in examination 
is to increase the number of scanty gametocyte infections (mostly adults) by not 
more than 5 to 7 per cent, (of the number found). 

Fig. 9. shows the great difference in gametocyte rates between very young 
children and the rest of the population, both in Gombero and Tanga. It 
also shows the greater infectivity in adults accompanied by lesser infectivity 
in children, of a place where re-infection is not so frequent. Fig. 10 shows 
a more extreme contrast, in this case with a labour force which included a 
considerable proportion of very slightly immune people. 

Fig. 9 also illustrates the second, and more striking, seasonal change in the 
blood of children at Gombero. About 3 months after the rains the gametocyte 
rate, as compared with the dry season, is more than doubled in children, in com- 
plete contrast with what happens in adults. This rise is a little later than that 
in the parasite infestation index. It may also be remarked in passing that the 
increased infectivity of anopheles is quite independent of the gametocyte rise ; 
it has, in fact, faded away before the latter reaches its peak. 

Substantially, then, the position in these villages is that there are 9 per cent, 
of gametocj’^te carriers, of whom two-thirds are children under 5, while the 
remaining third are carriers of small numbers of cre,scents. 
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Figure 9. 



Figure 10. 



6. Species Incidence . — The dominant species of all ages is P. falciparum. 
This is clearly shown in Table XIII, and is in accordance with most other observa- 
tions in East Africa. While, however, the mean percentage incidence of 
P. falciparum in the whole population is a little over 39T per cent, (if allowance 
be made for the undifferentiated films), there is also a fairly substantial incidence 
of P. malariae, 10 "9 per cent., and P. vivax, 4-3 per cent. Owing to the fact 
that they are found chiefly during the earlier years of life, infections with the 
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two latter species are less common in many other recorded series, more particu- 
larly of clinical malaria. 

The actual infections at any given age in such an untreated community 
are the resultant of immunity and re-infection. 


Table XIII. 


GO.MBERO. AGE INCIDENCE OF SPECIES. PERCENTAGES TO NUMBER EXAMINED. 


Age 

Group. 

Number 

Examined. 

P. falciparimt 
per cent. 

P. malariae 
per cent. 

P. vivax 
per cent. 

Undifferenti- 

ated. 

0- 1 

120 

82 -.5 

37-5 

20-0 


1- 5 

.393 

84-7 

41-7 

20-1 

.3 

6-10 

396 

03-4 

11-4 

4-5 

10 

11-20 

439 

39-6 

7-5 

1-6 

32 

Over 20 

2,045 

22-0 

4-0 

0-9 

146 

Means 


39-1 

10-9 

4-3 



Table XIV. 

SPECIES DISTRIBUTION AT GOMBERO, IN POSITIVE AND DIFFERENTIATED FILMS. 


Age 

Group. 

P.falci- 

parmn. 

P. violariae. 

P. vivax. 

P. f aid- 
par mn and 
malariae. 

P. fold- 
pariim and 
and vivax. 

P. falci- 
parum 
malariae 
and vivax. 

P. malariae' 
and vivax. 

0- 1 

48 

1 

1 

31 

10 

19 


1- a 

168 

8 

3 

115 

27 

64 


6-10 

238 

U 

3 

33 

14 

7 

1 

11-20 

167 

12 

4 

27 

2 

1 


Over 20 

482 

55 

8 

38 

10 


1 

Totals 

1,103 

87 

19 

244 

63 

nz 

2 


P. ovale is included in these tables as P. vivax, of which group it forms about a quarter. 


It IS concluded, therefore, that the immunity acquired to the three species 
IS of a different order in each case. That to P. vivax is the most complete, 
P. malanae holds an intermediate position, and immunity to P. falciparum 
IS the least complete. The alternative explanation is that there exists a greater 
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variety of strains of P. falciparinn, and that, while immunity to one strain is 
reaching a high titre, infection with a new strain, or with an older strain to which 
immunity has already largely disappeared, intervenes. Such a multiplicity of 
strains in one area seems improbable. 

The incidence of gametocytes of the three species, in films containing the 
species in question, was : — 

P. falciparum 16*4 per cent., P. malariac 14-0 per cent., P. vivax 2T6 per 
cent. It is suggested that the relatively higher rates often given for P. malariae 
are due to the common occurrence of forms whose nature is very difficult to 
determine, and on the other hand to the failure to recognise young crescents 
(see p. 609). sfg 

P. ovale had an incidence of 0-79 per cent, with a maximum incidence 
in the age-group 1 to 5 of 1-2 per cent. It has been included in the tables as 
P. vivax for the sake of simplification, but it may be preceded or followed by 
infections with that species. Gametocytes are present in 34 ’6 per cent, of positive 
films, which is oftener than in any other species. 

The appearances of P. ovale are more temporary than those of the other 
species, but P. vivax is ver)'' similar to it in this respect. There may be recur- 
rences of these two species after intervals of several months. P. malariac 
on the other hand is often present in very small numbers for several consecutive 
e.xaminations, but heavy quartan infections are never seen. 

7. Pyrexia, Anaemia and Malaria. — The search for a reliable criterion 
of disability due to malaria has been unfruitful, but two attempts have been made 
in this direction. Temperatures were taken (for 3 minutes under our direct 
supervision) thrice daily for a lO-day period in 40 persons of all ages. Of 
these only three failed to show a temperature of 99° F. or over on one or more 
occasions. These were a baby of 3 months who had a moderate infection at the 
period of examination, a child of 2 years and a young adult. Nineteen persons 
had a temperature of 100° F. or over on one or more occasions. Three persons 
had temperatures of 101° F. or over, of whom one was a child of 1 year with a 
moderate malarial infection, and the other two young women, possibly suffering 
from acute .gonorrhoea. 

The prime difficulty is the absence of a standard “ normal ” temperature 
for Africans, but, even were this available, it seems unlikely that any useful 
information will be obtained by this method. 

The second avenue of approach was by haemoglobin estimations and 
reticulocyte counts. The results of the former are confirmed by the work of 
Philip (1934) on the same tribe in Kenya. 

Table XV shows that in small children under 3 years there is often severe 
anaemia, with a corresponding reticulocytosis, for which we have failed to find any 
cause of an importance comparable to malaria. Both schistosomiasis and other 
helminthic infestations have been definitely excluded at this age. (The earliest 
schistosome infection was at age 6, and ankylostome at age 2.) 
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Tadle XV. 


GOMBERO. HAEMOGLOBIN AND RETICULOCYTES. 


' 

Age. 1 

Haemoglobin. 

Reticulocytes. 

Number 

Examined. 

Per cent. 

Per j 

Thousand. | 

Number 

Examined. 


Under 1 

14 

58 

92-6 

10 


1 

6 

56 

130-2 

6 


0 

6 

61 

59-0 

12 


3 

S 

08 

29-0 

8 


4 

7 

70 

28-4 

9 


5 

n 

73 

i 26-6 

3 


6-10 

42 

73 

! 20-1 

32 


11-15 

19 

74 

! 15-0 

10 


16-20 

20 

78 

, 14-4 

17 


21-25 

29 

76 

1 lS-6 

19 


26-30 

23 

75 

20-0 

14 


31-35 

n 

70 

] 14-8 

14 


36-40 

24 

76 

1 20-S 

19 


41-50 

27 

75 

1 11-8 

23 


Over 50 


71 

21*2 

20 


The other period at which severe anaemia occurs is in late adult life, when 
it is almost invariably associated with a high ankylostome infestation. In com- 
pany with other observers, we have failed to establish any correlation between 
the degrees of anaemia and ankylostome infestation except in these extreme 
cases. 

Throughout life there is, however, a deficiency of haemoglobin. In new- 
born babies a haemoglobin percentage of 85 or more was present, but very rarely 
after this. We are unable to say whether this deficiency is mainly in the quantity 
or quality of the red cells ; but whatever the exact quality of the anaemia, there 
is a good response to it throughout life. The body has, in fact, become 
accustomed to the constant drain on its haemoglobin. This is shown by the 
reticulocyte count, which never drops below about 10 per thousand {cf. the 
European normal of 10 per thousand). Whether that response is adequate 
for health is another matter. 

The average haemoglobin value of 75 per cent, present during adult life 
indicates a lowered physical efficiency, but can this be attributed to malaria 
The number of immature red cells present in the peripheral blood of these 
people is in the region of 40,000 per c.mm., more often double that. The 
number of parasitized cells is about 180 per c.mm. In view of this activity of 
blood regeneration it seems utterly improbable that the anaemia of adult life 
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can be due to malaria, and its cause must be sought elsewhere. (That cause, 
we believe, to be ankylostomiasis, coupled with a deficiency of iron in the diet. 
During adolescence an additional cause of anaemia is schistosomiasis.) 

It is concluded that the only period at which the presence of anaemia 
provides useful indication of the severity of infection and of the damage done by 
malaria, is during the first two years of life certainly, and during the third year 
provisionally, subject to the exclusion of ankylostomiasis. 

VII. — Conclusions. 

An attempt has been made to present a picture of hyper-endemic malaria 
in a group of Bantu villages in relation to the circumstances which condition it. 
These investigations were designed to give some assistance in the formulation 
of a rationale for native malaria. 

They have resulted in the fuller confirmation of some earlier conclusions : 
that the major issue for such communities is subtertian malaria carried by 
Anopheles gambiac, that a typical decrease in the number and intensity of 
infections occurs as childhood goes on, and that children are the infectors of 
anopheles. 

But the observations have also added something to the understanding 
of hyper-endemic malaria. Owing to the length of the period over which 
the investigation extended, it has been possible to demonstrate that there is very 
little seasonal difference in the parasite rate, in spite of a great increase in the 
infected anopheline house infestation ; but that there is an increase in the 
parasite load (mainly in the children) of the community soon after the rains, 
and that this is followed by a very great increase in the number of gametocytes 
present in children. 

A very high degree of infectivity in the locality is required to produce com- 
plete freedom from symptoms in adult life, although the typical decline in 
frequency of infections may occur, as at Tanga, with a lesser degree of anopheline 
infestation. 

A clear demonstration has been given of the occurrence of the less common 
species, P. malariae, P. vivax and P. ovale, in children ; and the explanation 
of their non-appearance in non-immunes and their disappearance in fully 
immunes is in the one case their benignness compared with P. falciparum, 
and in the other the higher degree of immunity achieved by the Bantu to them. 

On account both of individual histories and of the incidence of gametocytes 
in the community at different ages it is postulated that their appearance is 
neither a sign of immunity nor of its absence, but that they are a sign of the 
change-over from the non-immune to the semi-immune state, being, in some 
unknown way, the parasites’ response to the throwing-off of an infection. This 
is in accordance also with the gametocyte wave 3 months after the rains, when 
semi-immune children are throwing off the effects of more intense infection. 
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Inherited tolerance plays little part in the ultimate acquisition of immunity, 
for nearly all babies (after an interval between birth and the first infection) 
suffered from intense infections which were no less severe than those in other non- 
immunes such as Europeans. Such inherited characteristics as do play any part 
in the immune process are rather of the nature of a power to acquire immunity. 
This is an important distinction in relation to the question of treatment of 
African babies. 

Little light is thrown on the nature of the immune mechanism except by 
the great initial splenic enlargement, decreasing as mastery over malarial infection 
is established, and by the reticulocyte response in infants, as evidence of intense 
activity in erythrocyte regeneration. 

There remains the problem of the significance of malaria to such com- 
munities. No evidence by physical signs or symptoms, nor estimation of 
parasites present in the blood, affords any grounds for regarding malaria as an 
important cause of illness or disability in adult life. The children suffer 
severely from malaria up to the age of 2, and fair presumptive evidence has 
been offered that it is an important cause of infantile mortality, either directly 
or indirectly. But if they have survived this age, they are no longer seriously 
affected by infections which are only a quarter or a fifth of the intensity of those 
they have successfully passed through. And it cannot be supposed that, during 
and after adolescence, infections of a fiftieth of their infantile intensity can play 
any important part in the causation of the anaemia, infertility, lack of vigour, 
nor of the decline after adolescence, which are so commonly attributed to 
malaria. 

Of these two conclusions, on the one hand the danger of malaria to infants, 
and on the other its harmlessness in youth and adult life, the second is unfor- 
tunately, but 1 believe inevitably, based on negative evidence. Yet they are the 
two sides of the medal, and they form together the essential basis for work in 
African villages in the tropics. 


Summary. 

1. There is a real need for a detailed study of hyper-endemic malaria 
in African villages, in order to provide the necessary background to more 
summary observations in other parts. 

2. A survey of previous work shows that, while a few careful studies of this 
nature have been made in other parts of the world, Africa is not so fortunate. 
'I’he previous observations recorded show that the findings in different countries 
cannot be fitted into a coherent whole. 

3. A description is given of the people studied, their diet, and their condi- 
tions of life, with some indication of the diseases to w-hich they are subject and 
of the birth and death rates. 
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4. There is a high prevalence of A. gamhiac in houses, and a mean sporo- 
zoite infcctivity of 12*2 per cent. The infectivity has a seasonal rise to 24 per 
cent., at a time when there is an average of nearly 15 female anopheles to a 
house. 

5. In a detailed clinical description of the course of malarial infection 
in this untreated population, it is shown that all babies arc infected within 
5 months of birth, and that all have .severe infections. 

6. This stage of acute infestation has passed its zenith after 18 months, 
and is succeeded by a period of malarial instability, during which the parasite 
count rises and falls irregularh’. But .symptoms are absent. 

7. After puberty .symptoms arc completely absent, and the genera! parasite 
level is a fiftieth or less of that which is present during infancy. 

8. The spleen rate is high, being 85 per cent., but it decreases with the 
parasite rate, as immunity is acquired. The largest spleens are found in babies 
soon after their first infection. 

9. There is a seasonal rise in the parasite infestation of man, which is 
chiefly confined to the non-immune and partially immune children. 

10. Gametocytes are found predominantly in children, at the time when 
immunity is just beginning to be established. Even if they arc present in 
adults, they occur in very small numbers only. There is a great seasonal rise 
in the frequency and number of gametocytes in children under 5 years of age. 

11. P. falciparum is the dominant infection at all ages, but the other species 
(including P. ovale) are also present during the first few years of life, and more 
rarely later. The immunity acquired to P. fakiporum is less complete than that 
acquired to the other species. 

12. While children suffer from malaria during the first 2 years of life, 
and a few die during the first few months, older children cannot be said so to 
suffer, and no evidence was obtained of any harmful effects from malaria during 
adult life. 
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I. — Introduction, 

Amongst the livestock in tropical Africa, the pig [Stis scrofa) appears to be 
the least subject to infection b)'- the tr 3 'panosomes pathogenic to other domestic 
animals. 

The only species commonly found in the domestic pig is Trypanosoma 
congolense, which causes a chronic infection without appreciably impairing the 
health of the animal. As far as could be ascertained, there are only three records 
of natural infection of pigs with T, brucei, one by Bouet (1908) who saw two cases 
in Dahomey, another by Macfie (1915) who found one infected pig out of a 
hundred examined in the slaughter-house at Accra, Gold Coast, and the third 
by Stewart (1935), also from the Gold Coast, who reported sixteen cases of 
infection due to exposure of pigs to tsetse flies. In none of these cases were 
any symptoms mentioned and it is probable that the pigs were merely “carriers.” 

However, in a number of publications T. brucei has been credited with 
being very pathogenic to pigs. This view is evidently based on the experimental 
infections carried out in 1902 by Laveran and Mesnil and by Bradford and 
Plimmer, on the one hand ; and on the isolated outbreaks of acute porcine 
trypanosomiasis, attributed to T. brucei, which were described by Ochmann 
(1905), Lichtenheld (1912) and Aldig^ (1920), on the other hand. 
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In the case described by Laveran and Mesnil (cf. 1904 and 1912), a piglet 
inoculated with T. brucei lived for 94 days without showing any symptoms of 
disease during the first 40 days, or any trypanosomes in the blood until 2 days 
before its death. According to Bradford and Plimmer (1902), “ the pig shows 
the organism in the blood very rarely and in very small numbers, and dies with 
pulmonary symptoms.” It is thus seen that the experimental infections in the 
pig ran a chronic course, and the available evidence is not sufficient to incriminate 
this trypanosome in the pathological symptoms observed. As to the outbreaks 
of acute disease, it will be shown later that they were in all probability due to 
a different species of trypanosome. 

To sum up, it would appear that, until satisfactory evidence to the contrary 
is forthcoming, the pig can be regarded as being relatively resistant to infection 
with T. hrncii. 

The occurrence of T. uniforme in pigs was reported on one occasion (Hornby , 
1923) but, as will be demonstrated below, the disease with which it was 
associated cannot be attributed to this trypanosome. 

In addition to the records of the occurrence of the trypanosomes referred 
to above (7’. congolense, T. brucei, T. uniforme) which are either harmless to the 
pig or cause a mild chronic disease, there have appeared from time to time, and 
especially during the last decade, reports of outbreaks of an extremely acute 
form of trypanosomiasis amongst pigs in various parts of tropical Africa. These 
outbreaks have so many features in common that a summary description of the 
typical picture can serve to characterize them all. The onset of disease is always 
sudden ; a pig which may have been apparently healthy a day or even several 
hours earlier, suddenly falls ill, becomes progressively worse and dies within the 
next few days, but in exceptional cases the course of the disease maybe prolonged. 
Owing to the rapid development of the disease there are no noteworthy symptoms, 
but trypanosomes are invariably swarming in the blood. The infection spreads 
rapidly through the herd, killing the pigs in large numbers within a very short 
time, and before any precaution can be taken or treatment carried out. The 
sporadic occurrence of these outbreaks and rapid course of the disease are 
responsible for the lack of any detailed observations on the clinical aspects and 
method of propagation of the infection. As regards the causative agent, with 
which we are primarily concerned here, its exact nature has so far baffled every 
observer, with the result that the various outbreaks have been attributed to at 
least seven different trypanosomes, of which three have been described as new 
species (T. suis, T. brucei, T. vivax, T. uniforme, T. rodhaini, T. porci and 
T. simiae). 

The serious nature of this disease and the unsatisfactory state of our know- 
ledge regarding its causative agent have recently given rise to some concern and 
were discussed at the ‘ Conference on Tsetse and Trypanosomiasis Research ” 
held at Entebbe in 1933, and by the “ East Africa Sub-Committee of the Tsetse 
Fly Committee in London (cf. Report, 1935). Both these bodies recognized 
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the importance of elucidating the actiologj' of acute trypanosomiasis in pigs and 
included it in the suggested programme of investigations to be undertaken in 
East Africa. 

Having been engaged for some time in the systematic study of various 
mammalian trypanosomes, I decided to include the trypanosomes responsible 
for the outbreaks among pigs in my programme of \\'ork, in the hope of throwing 
more light on their identity. 

I was fortunate enough to obtain a large number of blood films from infected 
pigs which were very kindly placed at my disposal by the following : Prof. J. 
ScHWETZ, lately Director of the Parasitological Laboratory at Stanleyville, 
Belgian Congo ; Dr. G. C. Bourguign-ox, Director of the Bacteriological 
Laboratory at Elisabethvillc, Belgian Congo (through the kind offices of Prof. J, 
Rodhain, of the Institute of Tropical Medicine at .Antwerp) ; Dr. G. Norman 
Hall, of the Nigerian Veterinary Service; and Prof. J. G. Thomson, of the 
London School of Hygiene and Tropical Medicine. 

1 take this opportunity of expressing to these gentlemen my deepest gratitude 
for the generous way in which they have responded to my request, by placing 
their material — which in the case of Drs. Schwetz and Bourguignon had served 
for their own published investigations — unreservedly at my disposal. Needless 
to say that but for their a.ssistance it would not have been possible to carry out 
this investigation. 

II. — Records of Outbreaks among Pigs. 

Before proceeding with my own observations, I propose to review briefly 
all the records of acute trypanosomiasis in pigs which I have been able to trace 
(see Map, p. 623). 

The first account was given by Ochmann (1905) who observed several 
cases of fatal trypanosomiasis of short duration in Dar-es-Salaam. The blood 
of the pigs contained numerous trypanosomes which were said to be shorter and 
thicker than T. hriicei and for which the name T. siiis was tentatively proposed. 

Later Lichtenheld (1912) described three outbreaks among pigs in German 
East Africa in which the course of the disease was so violent (“ sturmisch ”) 
that the animals rapidly succumbed without exhibiting any special symptoms. 
As in the previous case trypanosomes were extremely numerous in the blood. 
The author attributed the outbreaks to nagana, apparently without having 
critically studied the trypanosomes themselves. It is noteworthy that equines 
and bovines kept in the neighbourhood of the affected pigs did not contract the 
infection. 

The next outbreak was observed in Southern Rhodesia by Sevan (1917) 
who stated that “ a large number of pigs were dying from some unknown disease 
at two farms on the northern border of the Umfuli River.” Blood films from 
the sick animals “ revealed large numbers of trypanosomes of pecoruvi [— congo- 
leiise] group, but differing slightly morphologically from the trypanosome 
commonly met with in cattle . . . , notably in the fact that the body appeared 
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more flexible and the undulating membrane more highly festooned.” Inoculation 
of the blood from infected pigs failed to produce an infection in small laboratory 
animals, or in cattle and sheep, but in pigs it set up “ a disease rapidly fatal, 
killing untreated animals in less than thirty days.” 

Another outbreak was reported from French Guinea by Aldige (1920) 
who noted the extremely rapid development of the disease (” presque foudroy- 
ante ”), killing off the pigs within from 12 to 48 hours. Trypanosomes were 
again so abundant that the blood was said to be like a pure culture of these 
flagellates. The parasite was referred to T. briicei with some doubts, on account 
of the presence of atypical short forms, 12-14/i long and possessing a short 
flagellum. This is the only record from West Africa. 

I am indebted to Dr. G. N. Hall for communicating to me particulars of 
an outbreak observed by him in 1920, near Moshi, Tanganyika Territory. The 
infection and mortality in this instance were heavy, affecting the majority of 
the pigs on a farm. The trypanosomes, which were numerous, were thought to 
be T. uniforme. 

Another outbreak of severe and fatal trypanosomiasis was reported from 
Tabora, in the same colony, by Armfield (1922) and by Hornby (1924). One 
pig died “after only four hours’ illness” and was found to harbour numerous 
trypanosomes, while two other pigs which died under similar conditions were 
not examined. The trypanosome was at first identified as T. vivaXy but later 
Hornby (1923) referred it to T. uniforme. 

The most numerous epizootics have occurred during the last decade of so 
in the Belgian Congo. The first of these were recorded from Katanga by 
Walravens alone (1924, 1926, 1927), and in collaboration with others (Walravens 
et al.y 1927). The trypanosome responsible for this fatal disease which, according 
to ScHWETZ (1934), decimated the pigs was regarded as a new species to which 
the name T. rodhaini was given. Its main characteristics are a very slender 
elongated body, an undeveloped undulating membrane, and the presence of a 
fairly long free flagellum, while the kinetonucleus is invariably marginal. The 
trypanosome was found to be highly virulent for monkeys [Cercopithecus sp.), 
but guineapigs, rabbits and a bull were refractory. Walravens’ views were 
criticized by Hornby (1926) who identified T. rodhaini with T. uniforme. 

Obsen'ations in the Belgian Congo were continued by Schwetz (1930, 1932, 
1934) who described a series of outbreaks from the vicinity of Stanleyville. The 
disease exhibited the typical symptoms noted in the Introduction (p. 620). 
Among the trypanosomes, which were always present in large numbers in the 
blood of the infected animals, Schwetz noted a variety of forms exhibiting the 
structure of T. congolense, T. simiae and T. rodhaini. After some hesitation this 
observer (Schwetz, 1930) concluded that he was dealing with a polymorphic 
trypanosome of the congolense group which he at first regarded as a distinct 
^ecies and named T. porci (Schwetz, 1932). but later as a subspecies of 
I. congolense [= T. congolense porct] (Schwetz. 1934). Experimental infections 
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sometimes succeeded in sheep, but failed in rats, guineapigs, a dog, a goat, a 
calf and in monkeys {Colobtis, Cercocebtis, Cercopitheais). 

Further outbreaks in the Belgian Congo were described by Bourguignon 
(1933, 1935*) and Bourguignon and Jussiant (1934) from Stanleyville and from • 
Katanga. The symptoms of the disease were similar to those described by 
ScHWETZ, but in four cases its course was more protracted. Trypanosomes were 
always abundant in the blood of the pigs. Like ScHWETZ, Bourguignon arrived 
at the conclusion that the causative agent was a polymorphic trypanosome with 
a range of forms including the congolense, simiae and rodhaim types of structure. 
He did not, however, accept Schwetz’s T. porci, but regarded the trypanosome 
as being T. simiae, though admitting that it did not conform to the classical type 
of this species. In Bourguignon’s opinion, the polymorphism of T. simiae is 
based mainly on the presence or absence of a free flagellum, the other morpho- 
logical forms present being treated as individual variations. 

As to T. rodhaini, in one paper (Bourguignon, 1935), it is suggested that it 
represents a morphological variety of T. simiae [= ? T. smiae var. rodhami], 
while in a later paper (Bourguignon, 1935a) it is described as a valid species, 
under its original name, and is assigned to the wwav-group (cf. Hornby, 1926). 
Bourguignon inoculated a number of guineapigs with the porcine trypanosome, 
with negative results. 

The records of outbreaks of acute porcine trypanosomiasis reviewed above 
are, as far as I am aware, all that have been published. Only the most important 
data on the nature of the causative trypanosomes, as conceived by the observers 
themselves, are given here, their critical examination being reserved for other 
sections of this paper. 

Before concluding this section it should be pointed out that the typical 
symptoms of the disease exhibited in the outbreaks coincide exactly with those 
observed by Bruce and his collaborators (1913, 1913i, 1915) in experimental, 
infections of the pig with T. simiae. This trypanosome is graphically described 
as “ the lightning destroyer of the domestic pig,” and it is stated that “ In the 
whole range of the trypanosome diseases of animals there is surely nothing so 
striking as the rapidly fatal action of T. simiae on the domestic pig. In nine 
experiments the average duration was only 5-3 days . . . from the date of infection 
.... In regard to the symptoms of the disease during life, nothing noteworthy 
happens owing to the rapidity of the disease.” 

III.— Identity of the Pig-Trypanosome. 

1. — general morphology. 

The outline gKen in the preceding section shows clearly the confusion and 
uncertainty regarding the causative organism of acute porcine trypanosomiasis. 

* This paper was read before the Soci6te Beige de M^decine Tropicale in 1934 I 
am indebted to Dr. Bourguignon and Professor Rodhain for placinc the MS conv at 
my disposal before its publication. 
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On the other hand, it brings; out the striking similarity in the various accounts 
of the disease, reported from different parts of Africa by observers working 
independently and, in most eases, in ignorance of each other’s findings. 

While the existing records apparently point to a multiplicity of causative 
agents, the marked uniformity of the clinical manifestations naturally suggests 
a common origin of these outbreaks, and it is with the object of elucidating this 
problem that this study was undertaken. 

It is based, on the one hand, on direct examination of preparations from 
infected pigs, and, on the other hand, on a critical analysis of the literary data. 

The material at my disposal consisted of the following blood films from 
infected pigs (stained by the Romanowsky method) : — 

(1) T. rodhaim : Dr. Walr.aven’s slides, from Katanga, Belgian Congo 
(obtained from Dr. Schwetz). 

(2) T. porci : slides from Dr. ScilWETZ, from cases obtained in the neigh- 
bourhood of Stanleyville, Belgian Congo. 

(3) T. simioc ; slides from Dr. Bourglmgxo.v, from eases obtained in 
Katanga, Belgian Congo. 

(4) “ T. tniifonnc ” ; slides from Dr. Mali., from cases observed by him 
in Moshi, Tanganyika Territory. 

(5) T. siviioe : one of the original films made by Sir David Bruce in 
Nyasaland (lent by Professor Tho.mson). 

A preliminary examination of the available films soon revealed that they 
were not all equally suitable for an exact morphological study, the trypanosomes 
in a large proportion of them being in such a defective state that the preparations 
had to be rejected. A detailed study was, however, made of the slides in which 
the trypanosomes were well preserved. Nevertheless, the imjjcrfect films proved 
to be useful in other ways : while the normal trypanosomes occasionally present 
in them served for comparison with those in the good films, the defective 
trypanosomes provided clues for the correct interpretation of the discrepancies 
occurring in the writings of some of the authors. 

On careful examination of the films from the Congo (Dr. Schweiz’s and 
Dr. Bourguignon’s cases) and from Tanganyika (Dr. Hall’s cases) it was 
found that the trypanosomes from ail these sources exhibited a similarity of 
structure and of form, which left no doubt that they all represented the same 
organism. 

In view of this, it is possible to describe them collectively. The predominant 
forms of trypanosomes in all these cases do not differ in any respect from the 
typical T. simiae , as described by Bruce and his collaborators (1912) (Fig. A, 
1-5, 10-13, 17-20). They represent elongated trypanosomes, with a well- 
developed undulating membrane usually extending to the very tip of the flagellum; 
the kinetonucleus is subterminal and situated at the margin of the body, the 
posterior end of which is rounded or bluntly pointed. In addition to trypano- 
somes of the sifiiiae-type there occur slender elongated forms with a weakly 
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developed undulating membrane (Fig. A, 6, 7, 14, 21). These forms show a 
certain resemblance to the trypanosome described by Walravens and will, there- 
fore, be referred to as rodhaini-'\Sk& forms. In both the simiac- and rodhami-Wke 
forms some individuals appear to have a free flagellum (Fig. A 13). The third type 
of trypanosome encountered in the strains under consideration is indistinguishable 
from T. congolense (Fig. A, 8, 15, 23, 24) : it represents a relatively short trypano- 
some (as compared to the other two types) with an undeveloped undulating 
membrane extending to the tip of the flagellum. On single occasions I have 
encountered aberrant forms, such as “ ablepharoplastic ” forms (Fig. A, 9), and 
one or two like T. uniforRie, except for the absence of a free flagellum and the 
small kinetonucleus (Fig. A, 16). 

My observations thus confirm the findings of Schwetz and Bourguignon 
as regards the polymorphic nature of the pig-trypanosome, and extend them to 
the case observed by Hall. Both Schwetz (1930-1934) and Bourguignon 
and Jussi.ANT (1934) noted that tlie characters of the trypanosomes observed by 
them do not fit in with any one known species, but rather represent the united 
characters of at least three species : — T. si/rdne, T. congolense and T. rodhawi. 
The Belgian authors actually considered the possibility of the polymorphism 
of the pig-trypanosome being due to mixed infections (Bourguignon, 1933 ; 
Schwetz, 1934), but this view was subsequently abandoned, Schwetz (1932, 
1934) regarding the trypanosome as a new species or subspecies [T. porci or 
T. congoleme porci) because of its polymorphism, while Bourguignon and 
JussiANT (1934) identified it as T. simiae hi spite of its polymorphism. 

T. simiae, according to Bruce ei al. (1912), is “ monomorphic and, as a 
rule, fairly uniform in shape,” and this definition of the parasite is borne out by 
their illustrations. The only other description of T. simiae (under the name 
T. ignotum), given by Kinghorn and Yorke (1912), is entirely in agreement 
with the preceding one. As stated already, the pig-trypanosome from the 
Congo and from Tanganyika differs from the classical T. simiae in its poly- 
morphism, a feature which would fully justify the recognition of its indepen- 
dent status, if not as a species, at least as a race or variety. The position of 
T. rodhaini Walravens, 1924, will be discussed later. 

In order, if possible, to throw more light on the relationship of the pig- 
trypanosome to T. simiae, I made a careful study of one of Sir David Bruce’s 
original films. The examination resulted in establishing the presence in it both 
of rodhaini-\\k& and congolense-Wke forms (Fig. A, 25-28). These forms, being 
in a minority, were probably disregarded by Bruce and his co-workers, who 
based their description exclusively on the predominant type of trypanosome. 
They note, however, in another paper (Bruce et al., 1913) that “ it is often 
difficult or impossible to distinguish between a short individual of . . . [T. simiae^ 
and a long one of ... [T. congolensey' The discovery of polymorphism in the 
original T. stmiae thus removes the only objection to regarding the pig- 
trypanosome as a true T. simiae. It should be added that there is every gradation 
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between the various morphological types of T. svniac, their separation into 
three groups being based on the extreme forms of each type. 

It remained to be seen whether a quantitative study of all the strains of the 
pig-trypanosome at my disposal corroborated their unity and their identity with 
T. siimae. In the first place, I selected some of the best films (Dr. Schwetz’s 
cases “ CM ” and “ C477,” Dr. BonRGtnG-NON’s “ lOF ” and Dr. HAi,ys case) 
and measured the length of 100 individuals in each.* The results obtained are 
set forth in Table I, together with the data of other authors, for comparison. 

From Table I it is seen that the dimensions of the pig-trypanosome from 
the Congo and the Tanganyika strains closely agree not only with each other, 
but also with the measurements of T. siniiae made by Bruce ct a]., and Kinghorn 
and \oRKE, especially in the mean lengths which vary from 17-Op. to 18-2p. The 
mean lengths given by Bourguignon and Jussi ant for two strains, Including 
the one measured by myself (“ lOF ”), are somewhat higher, but this is probably 
due to a difference in the total number of individuals measured. 

The next point was to determine the proportion of the various forms 
constituting the polymorphism in the pig-trypanosomes and in Bruce’s T. simiae. 
For this purpose 500 individuals in each strain were sorted into three groups 
according to whether they were of the original simiae-, rodhaini- or congolense- 
types of structure. The only previous attempt to group the forms seen in the 
pig-trypanosome ivas made by Schwetz (1934). The results of this count arc 
given in Table II, which includes Schwetz’s figures. 

Table II brings out the remarkable uniformity of all the strains as regards 
the proportion in which the three morphological types {simiae, rodhaini, congo- 
leiise) occur in each of them. However, Schwetz’s figures show a much larger 
percentage of rod/muu-Hke forms, an explanation of which will be given later 
(p. 632), when dealing with Waeravens’ T. rodhaini. It might be argued, as 
it was by Schwetz and Bourguignon at one time, that the polymorphism of 
the pig-trypanosome is due to mixed infection. However, the following facts 
provide strong arguments against such an interpretation ; first, the presence of 
intermediate forms which unite the recognized three types into a continuous 
series -, secondly, the presence of these forms in the same numerical proportion 
in all the strains examined. The regular occurrence of the three forms was noted 
by Bourguignon and Jussiant (1934) in all the cases of pig-trypanosomiasis 
observed by them in the course of three months. 

The observations on the morphology of the trypanosomes recorded above 
have established the following facts : (1) that the original T. simiae was not a 
monomorphic trypanosome, as stated by Bruce et al. (1912), but polymorphic ; 
(2) that the various strains of pig-trypanosomes from the Congo and Tanganyika 


The trypanosomes were taken in the order in which they appeared in view, and the 
measurement was made by drawing (with the aid of a camera lucida at X 2,500) a line 
hnX-'m the middle of the body of the trypanosome from the posterior end of the 

500 ^ measuring this line with a divider set at 0-5^ 
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Table II. 

DEcnEE OF POLYMORPHISM IN Trypciiwsoma simiac. 

(per cent.) 


j 

Observers. 

Strains. 

sitniae- 

like 

forms. 

rodhaini- 

like 

forms. 

congolemc- 

like 

forms. 

No. of 
individuals 
counted. 

Ho ARE 1 

Dr. Bourguignon’s “ lOF ” 
(Belgian Congo) 

88 '8 

7-8 

34 

500 

H| 


88-8 

70 

B 

.500 

im 

Dr. Hall’s (Tanganyika) 

92-2 

5-2 

2-6 

500 

.. 

Sir D. Bruce’s (Nyasaland) 

914 

6-2 

24 

1 

500 

Schwetz 

(1934) 

Pig 1 (Belgian Congo) 

7-)-7> 

20*3 

4*0 

^B 


0( „ ., ) 

71-7 


4 -.3 


'■ 

.. 477 ( „ „ )’ i 58-0 

1 22-5 

1 

j 9-5 

} 


*Thc figures in this column include the forms regarded by Schwetz os intermediate between 
the simine-like ones and the others (coiigo^cjise-like and rorf/iaitu'-like). 

’10 per cent, of trypanosomes in this strain are described as “ involution ” forms. 


are morphologically indistinguishable from each other and from T. simiac as 
amended here ; (3) that, therefore, the pig-trypanosome is identical with 
T. simiac. 

It should be emphasized here that during the twenty odd years that have 
elapsed since the discovery of T. simiae only ScHWETZ and BouRGUiGNON have 
considered its possible association with the disease naturally occurring in pigs 
the present investigation has established this connexion beyond doubt. Hitherto 
the infectivity of T. sumac to the pig, amongst other domestic animals, was 
known only from the experimental inflections carried out by Bruce’s Commission. 

2.— STATUS OF T. rodhaini. 

.\LRAVENS (1924, 1926) gave the name T. rodhaini to a trypanosome 
responsible for outbreaks of fatal disease in pigs with symptoms like those 
produced by T. simiae. The trypanosome was said to be monomorphic, with 
characters already described above (p. 622). The total length of the trypanosomes 
is not given in Walravens’ paper, but the ones illustrated in his figures measure 
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from 15/t to 20/t, as calculated from the vscale. The only known trypanosome 
to which T. rod}iaim\ as described by Walravkns, could be likened is 7’. uniforvic, 
and this was done by Hornby (1926), who referred Walravbns’ tr 3 'panosomc 
to the latter species, regarding it as identical with the trypanosome found in 
the outbreak described by Armi-ikli} (1922) and by himself (Hornby, 1924). 

However, in his reply to Hornby's criticism, Walravbns (1927) emphasized 
the extreme slenderness of 7\ (maximum breadth — 0'9/i) as a character 

distinguishing it from T. tmiforuic (maximum breadth ^ - 2-5/i). In their strains 
of the pig-trypanosome, Schwbtz (1930, 1934) and Bourguignon and Jussiant 
(1934) always found forms similar to T. rodhoini in association with trypanosomes 
of the simiae- and fo;/fWfRyr-types, and both Schwetz (1934) and Bourguignon 
(1935) admitted the possibility of T. rodhaud being an independent variety. 
Bourguignon (1935) at first attached this variety to T. simiae^ but later he 
(Bourguignon, 1935a) apparently changed his views, and treated T. rodhaini 
as an independent species belonging to the vivax-grouip. It should be added 
that Schwetz (1934) did not regard T. rod/ioiiii as strictly monomorphic, having 
noted some difference in the length of the body and of the flagellum between 
the pig and monkey strains of this trj'panosome. However, judging from the 
figures {/oc. at., PI. H, Fig. 4) this difference is quite negligible and not essential. 

From the descriptions of 7’. rodhaini given by Walravens and by Schwetz 
it appeared to differ from the pig-tr 3 'panosomc, now identified with T. simiae, 
sufficiently to be regarded at least as a distinct variety. However, an examination 
of two of Walravens’ films at my disposal soon changed my opinion. Both 
these preparations proved to be defective, the films being excessively thick and 
their staining very poor. The body of the tr 3 'panosomes was very slender with 
faint outlines and without any visible undulating membrane. The flagellum 
was indistinct in the majority of specimens, while in some there were indications 
of a short free flagellum. The extent of the latter could not be definitely ascer- 
tained owing to the fading away of the body towards the anterior end. However, 
on carefully searching the preparations isolated areas were discovered in which 
the staining was somewhat better, and in these the trypanosomes exhibited all 
the attributes of T, simiae : a broad body, with a well-developed undulating 
membrane e.xtending to the tip of the flagellum, as depicted in Fig. A, 29-32. 
The kinetonucleus of Walravens’ tr 3 'panosome is small and usually situated 
at the margin of the body. The small size of the kinetonucleus alone is sufficient 
to distinguish T. rodhami from T. imi forme with which Hornby (1926) confused it. 

The presence of typical smiae-forms and of the characteristic agglutinated 
couples, to be described later, proves conclusively that Walravens’ T. rodhaini 
is nothing else but T. simiae as it appears in badly prepared blood films. The . 
dimensions of “ T. rodhami ” also fall within the range of T. simiae (cf. Table I). 

The slenderness of the body, the flatness of the undulating membrane, and 
the indistinct flagellum in “ T. rodhaini ” were obviously due to defects in the 
films, the slenderness being the result of contraction of the body usually occurring 
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in thick films. Except for the appearance of the flagellum, the description of 
“ T. rodhabii ” given by Walravens agrees with the picture seen by me, leaving 
no doubt in my mind that he had relied in his observations on similarly defective 
films. 

It has been mentioned already (p. 625) that a large proportion of the films 
from the Belgian Congo examined by me proved to be unfit for an exact morpho- 
logical study. The trypanosomes in these films showed the same defects as 
those of Walravens and the predominant forms in them were similar to his 
“ T. rodhaiui." The occurrence of defective forms also explains the high 
percentage of rodhaini-Wkt forms recorded by SCHWETZ (1934) for some of his 
strains (cf. Table II). 

That a small percentage of slender, “ rodbaim ’’-like forms normally occur 
in perfect preparations of T. simiac has already been demonstrated above. 

3. — FREE flagellum IN T. simiac. 

The question of the presence or absence of a free flagellum in T. siviiae 
has never been properly established. According to Bruce et al. (1912), “ it is 
difficult to say whether this species has a free flagellum or not.” In most cases, 
the undulating membrane extended to the tip of the flagellum, but “ the last 
two or three microns of the flagellum often appear to be free.” Kinghorn and 
Yorke (1912) state more precisely that “ a short flagellum is only v’ery occasionally 
present.” In the works of Walravens (1926), Schwetz (1934), Bourguignon 
(1935) and Bourguignon and Jussiant (1934) the presence of a free flagellum 
in a certain proportion of the trypanosomes is quite definitely recognized. 

Walravens’ views on this point are of little value, since they were based 
on defective preparations in which the extent of the undulating membrane 
cannot be ascertained. An examination of all the films at my disposal has shown, 
as a general rule, that the number of forms which appear to have a free flagellum 
is directly proportional to the imperfection of the preparation examined. The 
minute details of structure can only be appreciated in faultless preparations, 
and these exclusively were used by me in studying the morphology of the 
pig-trypanosome. 

A careful study of various strains of T. simiae revealed the following facts. 
In the short congolense-Wkz forms (Fig. A, 8, 15, 23, 24, 27, 28) the flagellum is 
never free, the body extending quite definitely to the tip of the flagellum. In 
the long forms (standard sxwioe-type and rod/jAinx-like forms) it is sometimes 
difficult to establish the true relations owing to the extreme attenuation of the 
undulating membrane in the anterior quarter or third of the body. However, 
^ylth good illumination the undulating membrane is seen to extend to the very 
tip of the flagellum in the great majority of individuals. This is especially 
clear in specimens in which the terminal portion of the flagellum does not cross 
over to the opposite side of the body (Fig. A, 3, 6, 10-12, 21, 22, 25). In 
specimens m which this “ crossing over ” takes place, it may be difficult to decide 
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whether the rncnibranc readies the end of the flagellum or not. Sometimes it 
is dearly visible (Fig. A, 7, 14), at other times it is invisible (Fig. A, 5, 19, 26). 
In the latter case it is conceivable that the twist of the flagellum causes the 
corresponding portion of the undulating membrane to lie vertically in relation 
to the plane of the film, with the result that its outline coincides with that of 
the flagellum which therefore appears to be free, 'fhe plausibility of this 
explanation rests on the fact that in all the specimens in which the end of the 
flagellum is not twisted it is accompanied by the undulating membrane through- 
out its entire length. It is likewise difficult to decide whether the flagellum is 
free in specimens in which the anterior part of the membrane is so narrow as 
to merge imperceptibly with the flagellum. Finally, in a small proportion of 
specimens the membrane does not appear to reach the end of the flagellum, and 
these are the only ones, in my opinion, in which the presence of a free flagellum 
can be admitted more or less unreservedly (Fig. A, 4, 13). The free portion of 
the flagellum in these specimens varies in length from I/j- to 4/i, which agrees 
ver}' closely with the estimate made by Bruce et al (1912), whereas the measure- 
ments of some of the other authors, especially those of Walr.avens (1926), arc 
exaggerated, probably for the reason indicated in the preceding section (cf. 
Table I). 

With the view of estimating the proportion of forms with and without a 
free flagellum, a count was made of one thousand individuals in each of three 
strains of T. siwiae, the result of which is shown in Table III, in which the 
trypanosomes are divided into three groups : (1) those in wliich a free flagellum 
is definitely absent, (2) those in which a free flagellum is only apparent, the 
accompanying undulating membrane probably being obscured for reasons given 
above, and (3) those in which a free flagellum is distinctly visible. 


Table III. 

DISTBIBUTION OF FOBMS IN Trypanosoina simiac with respect to the free flagellum. 


Strains (Belgian Congo). 

Percentage of individuals in which a “ free 
flagellum ” is as follows : — 

, . i 

No. of 
individuals 
counted. 

Absent. 

Apparent. 

Present. 

Dr. Bourguignon’s “ lOF ” 

82-2 

13-9 

3-9 


Dr. ScHVVETZ’s “ CM ” 

82-4 

14-9 

2-7 


“ C477 ■’ 

89-8 

9-0 

1-2 



From Table III it is seen that in over 80 per cent, of individuals in T. simiae 
a free flagellum is definitely absent, while in up to 3-9 per cent, of individuals 
it is present. As regards the intermediate group (“ Apparent ”), comprising 
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up to 14-9 per cent, of individuals examined, its authenticity is admittedly 
uncertain, in that its interpretation is largely a matter of individual judgment. 
If examined uncritically these forms might be regarded as having a true free 
flagellum and be assigned to the fourth column. It should be added that in 
imperfect preparations the terminal portion of the undulating membrane fades 
away entirely, and in such films not only the forms in which a free flagellum is 
“ apparent,” but many of those in which it is definitely absent, could be 
interpreted as possessing a true free flagellum. In fact, this is what actually 
happened in the case of Bruce’s film of T. simiae examined by me. Both its 
present appearance and the published figures of the trypanosome (Bruce et al., 
1912) leave little doubt as to the original excellence of the preparation. However, 
some parts of the film have deteriorated with time and use, in consequence of 
which it now shows a larger proportion of trypanosomes wdth an “ apparent ” 
free flagellum than was indicated by Bruce. It is inconceivable that these 
would have escaped his notice had they been present in the film in 1912. Per- 
sonally, for reasons given above, I am inclined to regard the forms with an 
“ apparent ” free flagellum as belonging to the typical group in which the 
undulating membrane extends to the tip of the flagellum. 

4.— AUTO-AGGLUTINATION IN T. shniac. 

In their account of T. sitiiiae, Bruce et al. (1912) describe certain appearances 
as a unique and — it might be added — unaccountable form of division, “ in which 
the trypanosomes appear to slip past one another until they are joined by their 
non-flagellar ends.” (The figures illustrating this process show pairs of trypano- 
somes in a “ head-to-tail ” arrangement, similar to those depicted here in Fig. 
B, S-10). These authors also noted clumps of trypanosomes (like those in Fig. 
B, 13, 14) which they attributed to multiplication which “ took place so rapidly 
that the individual trypanosomes had not time to disengage themselves.” 

Though none of the observers whose films I have examined refer to this 
phenomenon, the forms represented in Fig. B (8-14) were found in abundance 
in all the strains of the pig-trypanosome examined by me. In addition to these 
forms there were present others, exhibiting all stages of division of the con- 
ventional type (Fig. B, 1-7). This finding confirmed my first impression that 
the process described by Bruce and his collaborators did not represent division, 
but some other phenomenon. 

The clue to its nature \vas provided by the blood of mice infected with 
T. congolense, stained films of which showed the same “ head-to-tail ” arrange- 
ment of trypanosomes in pairs as in T. simiae. 

This appearance is due to the auto-agglutination or agglomeration of the 
trypanosomes, which can readily be observed microscopically in fresh prepara- 
tions of blood containing T. co7igolense. In these the trypanosomes show a marked 
tendency to adhere to one another. As soon as two or more individuals collide 
they become attached at the points of contact, after which they coil and twist 



rr.C'IL A. IIOARK. 


m 



Fig. B. Trypanosoma simiae. 


1 to 7 : Stages of division. 

1 — kinetonucleus dividing, with new flagellum arising from its posterior half ; 2 
kinetonucleus divided into two ; new flagellum growing along edge of the body ; 3 
tinuation of the process : body being drawn out posteriorly, kinetonuclei widely separated ; 
4, 5 — later stages ; division of nucleus and further separation of kinetonuclei ; 6 division 
completed ; daughter — individuals well differentiated ; 7 — daughter individuals about to 
separate from each other. 


8 to 14 ; Auto-agglutination. 

S — first contact established ; 9, 10, II — agglutinated pairs (“ head-to-tail arrange- 
rnent) ; 12 — separation of agglutinated individuals (in the lower one division has com- 
menced) ; 13 — agglutination of dividing and non-dividing individuals ; 14 agglutination 
of a dividing individual with ttvo non-dividing ones. 

(All the figures were drawn with the aid of a camera lucida, at X 2,000.) 
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around each other vigorously in an apparent effort to disengage themselves. 
When the union involves only two trypanosomes — as is most usually the case 
the mutual arrangement of the two partners varies considerably, but it was 
observed that the maximum degree of adhesion resulted when the two individuals 
adopted the “ head-to-tail ” disposition. When orientated in this manner, they 
remained attached for longer periods of time than in any other position. Such 
pairs could frequently be seen disengaging themselves by the two partners 
sliding apart in a backward direction, i.e. with the posterior ends of the body 
leading. Owing to the relative stability of such couples they are the ones most 
commonly encountered in stained preparations. Their appearance in T. coiigo- 
lense is similar to that in T. simiae — represented in Fig. B, 8-14 — leaving no doubt 
that the latter are due to the same phenomenon. As already stated, the union 
of the trypanosomes may occur at any point of the body, and the sequence from 
8 to 12, in Fig. B, is only a particular example of a case when contact is first 
established by the posterior ends, the partners subsequently sliding apart as 
described above. 

As far as could be ascertained from the literature and from direct observa- 
tions, this type of agglutination does not commonly occur in any other trypano- 
some, but T. congolense and T. simiae. It was first noted in another member 
of the congo^cjtse-group, T. dimorphon, by Laveran and Mesnil (1904). As will 
be shown below, the fact that agglutination in couples disposed “ head-to-tail ” 
is a peculiar characteristic of trypanosomes of the congolense group can be used 
as an aid in the diagnosis of infections with these trypanosomes. Finally, lest 
there might be any temptation to interpret the phenomenon described above 
as a sexual process, it should be emphasized that in no case have any nuclear 
changes been observed in the agglutinating flagellates and, moreover, the union 
may take place indiscriminately between two non-dividing forms (Fig. B, 8), 
between these and dividing forms (Fig. B, 10, 12, 13), between dividing forms, 
and between more than two individuals (Fig. B, 14). 

5. — DIVISION IN T. simiae. 

It has been demonstrated in the previous section, that the description of 
division in T. simiae given by Bruce and his collaborators was based on a misin- 
terpretation of the process of auto-agglutination. 

I have observed numerous forms of T. simiae in various stages of division, 
which is of the conventional type of equal binary fission, but with certain 
peculiarities not previously noted. The process begins with the division of the 
kinetonucleus in the direction of the long axis of the body ; this is followed by 
the growth of a new flagellum which invariably arises from the posterior daughter- 
kinetonucleus (Fig. B, I, 2). As division proceeds the distance between the 
daughter-kinetonuclei increases progressively, while the new flagellum grows in 
length and runs along the outer margin of the body, exteriorly to the old flagellum. 
In the meantime, the nucleus divides, its daughter elements separating widely 
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from each other (Fig. B, 3, 4). At this stage the daughter-individuals become 
fully formed and differentiated from each other, the couple having a linear 
arrangement with one of the partners overlapping the other (Fig. B, 6). As is 
usual in tr 5 'panosomcs, the separation of the two flagellates takes place by 
fission of the cytoplasm commencing from the anterior end (Fig. B, 7). An 
identical type of division was observed by me in 7'. covgoUnse. 

In a previous paper (Hoare, 19H6) I have indicated that the method of 
reproduction affords a means of differentiating some of the species of the letoisi- 
group of trypanosomes. Since the type of di\’ision in T. sivuae and in 7’, congo- 
knse described above appears to be peculiar to the cotigo/cnse-group, it can likewise 
be employed for diagnostic purposes. Whereas in members of the brucci- and 
et»fl?m'-groups the products of division remain united by their posterior extremities 
till the end of the process, giving the couple a bifid appearance, in the congolevse- 
group the dividing form has a stepped appearance. 

As regards the third group of pathogenic trypanosomes, viz. the vivax- 
group, the type of division seen by me in T. vivax appears to occupy an inter- 
mediate position between the bifid and the stepped types. 

IV. — OB.SCURE Outbreaks Attributable to T. simiae. 

In addition to the cases of acute porcine trypanosomiasis in which it was 
possible to demonstrate by direct examination of blood films that the causative 
agent was T. sivtiae (cf. Section III), there remain to be considered a number 
of epizootic outbreaks (described in Section II) in which the clinical manifesta- 
tions were the same as in those of undoubted T. sumac infections, but which 
were attributed to various other named and unnamed trypanosomes. Though 
films are not available for the re-examination of these, when the published data 
regarding these parasites are scrutinized in the light of our present knowledge 
of T. simiae, they reveal many points of resemblance to this species, as will be 
seen from the critical analysis that follows. 

The trypanosome described by Ochmann (1905) from the earliest known 
outbreak in German East Africa was said to be shorter and thicker than T. brucei, 
and was therefore provisionally named T. stiis. This difference is brought out 
in the photomicrographs accompanying the paper and was noted already by 
Laveran and Mesnil (1912). The two trypanosomes depicted in the paper, 
however, bear some resemblance to T. simiae. Mayer (1912), who appears to 
have seen both Ochmann’s trypanosome and the one found by Geisler (1912) 
in the East African warthog, identified the latter as T. stiis. This trypanosome 
is described as being broad and stumpy and possessing a free flagellum. In the 
figures given by Mayer it is similar in appearance to the predominant form of 
T. simiae. In view of these facts it is highly probable that the trypanosomes 
observed by Ochmann and by Geisler were actually T. simiae. 

In his report on the outbreaks in Southern Rhodesia Sevan (1917) compares 
the trypanosome found in the pigs to T. pecorum (— T. congolense) from which 
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it differs “ notably in the fact that the body appeared ntore flexible and the 
undulating membrane more highly festooned ” and adds that the two were 
readily distinguishable. The only trypanosome which conforms to this descrip- 
tion is the classical T. simiae and there can be little doubt that this species was 
responsible for the epizootic. 

We now turn to the outbreak described by Akmfield (1922) from Tanganyika 
Territory. In this case the trypanosomes were identified by Hornby (1923) 
first as T. vivax and subsequently as T. imiforme. Hornby noted two peculiarities 
in this trypanosome, hitherto not recorded for members of the -vivax-group ; 
first, its high virulence for pigs, and secondly the occurrence of “ multiple 
fission.” Hornby’s illustrations of T. imiforme at first glance appear to support 
his diagnosis, but a closer scrutiny of the figures shows that he was dealing 
with a mixed infection : while his figs. 1, 2, 3, 6 and 7 actually represent 
T. unifovme, figs. 4 and 5 exhibit the marginal kinetonucleus, well developed 
undulating membrane and apparent free flagellum characteristic of T. simiae. 
The identification of T. simiae is furthermore confirmed by the occurrence of 
the peculiar “ head-to-tail ” agglutinated couples depicted in Hornby’s figs. 
11 and 12, the one in fig. 12 being attached to what appears to be a dividing 
form of T. miiforme. These are the forms which Hornby mistook for an 
“ unusual type of fission ” (fig. II) and “ multiple fission ” (fig. 12). It is thus 
obvious that the fatal cases of pig-trypanosomiasis in this outbreak were also 
due to T. simiae, and not to T. imiforme. It has already been demonstrated 
(cf. p. 625 et seq.) that an earlier epizootic among pigs observed by Dr. Hall in the 
same colony, was due to T. simiae and not to T. imiforme, to which it was first 
attributed. These two species were similarly confused in the case of Walra yens’ 
trypanosome (Hornby, 1926). 

In the only outbreak reported from West Africa by Aldig6 (1920) the exact 
systematic position of the causative agent was left open. The trypanosome, 
said to be like T. brucei in some respects, measured from 12 g. to 25^l, and had 
a free flagellum varying considerably in length. There was also a marked 
degree of auto-agglutination of the trypanosomes in the course of which “ deux 
ou plusieurs d’entre eux sont accoles lateralement sur une certaine longueur.” 
If it is taken into consideration that the dimensions of these trypanosomes fall 
within the range of T. simiae, that the apparent presence or absence of a free 
flagellum in this species is largely a question of technique, and that the trypano- 
somes agglutinated in the fashion characteristic of T. simiae, it seems probable 
that the parasite seen by Aldige actually belonged to this species. As regards 
its likeness to T. brucei, one may recall the apt description of T. simiae given by 
Mesnil (1913) : “ I’aspect general est celui d’un brucei reduit de 1 /4 environ.” 

There remain to be considered the epizootics described by Lichtenheld 
(1912) from German East Africa. These were attributed to nagana, but the 
evidence for this view appears to be merely presumptive. On the other hand, 
the fact that bovmes and equines kept in proximity to the pigs escaped infection. 
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ns well as the s 5 'mptoms of tlic disease in pigs, all point to T, sii/itac as tlic probable 
cause of these outbreaks. 

In concluding this section it can be stated that in all the outbreaks of acute 
porcine trypanosomiasis on record there is good reason to believe that the 
causative organism is T. simioe. In some eases (those communicated by Hall, 
and those described by Walravi:n.s, 1926 ; Walravkns ct al., 1927 ; 

1930, 1934 ; Bourguigkox and Jussian'T, 1931) this has been established 
directly by the examination of the original films ; in other eases (described by 
Ochmann, 1905 ; Bevan, 1917 ; Aldige, 1920 ; Hornby, 1923) it has been 
possible to identify the parasite with some degree of accuracy from the descrip- 
tions and figures, while in one instance (described by Lichtenheld, 1920) the 
diagnosis is based on circumstantial evidence alone. 1 he case for attributing 
• all the outbreaks to T. simiac receives notable support from the fact— already 
mentioned above-that in all these epizootics the clinical picture has been 
identical. Finally, there is a remarkable degree of similarity in the conditions 
under which the infection appears to have been propagated in t ese out rea 's. 

The reason why the majority of observers have failed to recognize T. stmiae 
in the cases described by them is not far to seek. Except in t le rare spora ic 
outbreaks amongst pigs, this trypanosome is apparently never encountere 
naturally in domestic animals ; consequently hardly anyone las rs lan 
acquaintance with this species. 


y, — E pidemiology of Pig-Trypanosomiasis. 

In his review of the trypanosomiases affecting domestic animals in Central 
Africa, Hornby (1919) dismisses T, simiae on the grounds that its ravages 
are, in economic importance, not to be compared with those o t e t ^ r 
we are about to study [T. briicci, T. covgoleiise, T. vivax\^ s ^ ° 

there could be no question of “ ravages ” due to T. simtae at a , t ,4 t-n 
time no natural infections in domestic animals had ever een a ri u e 
T. simiae, the effect of which upon these animals was known only from exper - 

mental infections (cf. p. 630). . . 

Now, however, the position has changed, for 
T. as described in Section II, must be regarded as of eonsiderabk 

economic importance to pig-breeders in tropical Africa, especia , 

the fulminating character of the disease and of our ignorance o i s epi , ’ 

knowledge of which is limited to a few facts regarding t e ^ograp . 

tion of T. simiae, the reservoir of infection, and the method of its transmission. 


p — geographical distribution. 

Up to the present, infections due to T. simiae have been repormd from the 

following localities (indicated by black circles in the ap, P* ^ * iqnA 

(.) French Guinea (Anmoi, 1920) ; W 
1927; SCHWETZ, 1930-1934; Bourguignon, 1933-1935), (c) langanyika 
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Territory (OcHMANN, 1905; LichteisHELd, 1912; Hall, 1920 ; Armfield, 
1922) ; (d) Nyasaland (Bruce ei al., 1912) ; (e) Northern Rhodesia (Kinghorn 
and Yorke, 1912) ; (/) Southern Rhodesia (Bevan, 1917). ... 

There can be little doubt that the actual distribution of T. swnae is much 
wider but, owing to its relative harmlessness to most animals, its occurrence is 
only revealed in the presence of the susceptible host, the domestic pig, which 
is not extensively bred in tropical Africa. 

2.— RESERVOIR OF INFECTION. 

Working in Nyasaland, Bruce ct al. (1913i) made an extensive survey of 
the local wild animals with the object of establishing the incidence of tr 3 'pano- 
somes in them. Out of 180 animals examined the warthog [Phacochoertis 
aethiopicus) proved to be the only one which harboured T. siiniae. A year earlier 
Geisler (1912) recorded a trypanosome from a warthog obtained in German 
East Africa. This trypanosome was identified bj' Mayer (1912) as 7. siiis, 
which, as was shown above (p. 637), most probably represents T. simiae. 
Bourguignon (1935) also notes that warthogs occur in Katanga, from where 
his and Walra\t;ns’ cases of T. simiae came. 

There is thus a certain amount of evidence pointing to the warthog as the 
natural host of T. simiae and the reservoir from which infection spreads to the 
domestic pig. 


3. — ^TRANSMISSION. 

The only definite data on the transmission of T. simiae were those supplied 
by Bruce et al. (1912) and Kinghorn and Yorke (1912) whose strains of this 
trypanosome actually originated from animals infected in the laboratory through 
the bite of “ wild ” Glossina morsitans. In a later paper Bruce et al. (1913a) 
described the complete cycle of development of this trypanosome which com- 
mences in the alimentary canal of the tsetse fly and is completed in the proboscis, 
as in the case of T. congolense. Bruce ct al. (1913) note that in the area in which 
their W'ork was conducted both warthog and infected G. viorsitaiis occurred in 
large numbers. There can, therefore, be little doubt that the initial infection 
in the domestic pig is acquired from the warthog through the agency of tsetse 
flies. 

The case, however, becomes more complicated if we turn to the transmission 
of the infection during the epizootics of pig-trypanosomiasis. The information 
available is very scanty, but remarkably uniform. All the observers \vho have 
anything to say regarding the propagation of the disease emphasize the paucity 
or apparent absence of tsetse flies in the immediate neighbourhood in which 
the outbreaks took place, although these insects w'ere usually prevalent in the 
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surrounding country. 'J'iic following are the .species noted in the localities 
A\herc the outbreaks occurred : G. fnilpalis-, G. fitsca, G. tabauifonms and 
G. hrcx:ipalp{s near Stanleyville, Belgian Congo (Sc'hwktz, ; Bourguignon, 
1935) ; G. morsitaus and G. hrex^ipalpis in the region of Llisabethville, Belgian 
Congo (Bourguign’O.x and Ju.'^.sian'T, 193^1) ; in the Tanganyika Territory Dr. 

found G. inonitans and G. palUdipcs heavily infected, wliilc Lichtenheld 
(1912) also refers to the presence of the last-named species ; G. morsttaiis was 
numerous in Southern Rhodesia (Bkvan', 1917). 

On the other hand, in the majority oi outbreaks large numbers of other 
blood-sucking flies, such as Stomoxys and Tabanidae (especially Haemaiopoia), 
were found in immediate contact with the pigs, and there is a general consensus 
of opinion among the observers that these flics, and not the tsetse, were mainl)'^ 
concerned in the spread of the infection, though Bevan (1917) notes that the 
disease was not contracted by this means in his laboratory, in spite of the fact 
that “ the sick and healthv pig^' were closely .stied together and continually 
pestered by swarms of stomoxys which were noticed to pass from one to the 
other.” 

On the whole, there appear to be good reasons for believing that the out- 
breaks of acute porcine trypanosomiasis arc in tlie first instance introduced from 
outside by a few tsetse flies, after which the infection is picked up by other 
blood-sucking flies, usuallj'^ present in large numbers, and spread by them 
mechanically throughout the herd. Bevan’s obsen'^ations would suggest that, 
as in the case of surra (cf. Nieschulz, 1930), the infection is spread by Tabanidae 
rather than by Stomoxys. However, this and other questions concerning the 
epidemiolog}’’ of the disease stand in need of further investigations. 

VI.— Classification of T. simiae. 

The present study of T. simiae, based on material obtained from infected 
pigs and upon a re-examination of Bruce’s para-type-specimens of this species, 
has revealed a number of important new characters which have led to an amplifi- 
cation and revision of the original description of this trypanosome given by 

Bruce et al (1912). . . i ,• i. . 

The structure, bionomics and nomenclature of T. simiae, as esta is e at 

present, are brought together below. 


* Personal communication. 
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1, — revised diagnosis. 

’Nomenclature ; 

Trypanosoma simiae Bruce et ah, 1912. 

Synonj'ms : T. ignotum Kinghorn and Yorke, 1912. 
Duttonella simiae (Chalmers, 1918). 

T. rodhaini Walravens, 1924. 

T. porci Schwetz, 1932. 

[T. congolense porci\ Schwetz, 1934. 

T. suis Ochmann, 1905 ; Mayer, 1912. 


Morphology in Vertebrate Host. — Polymorphic trypanosome, comprising 
(1) elongated stout forms with well-developed undulating membrane (ca. 90 per 
cent.), (2) elongated slender forms with slight undulating membrane (ca. 7 per 
cent.), and (3) short {congolenseAike) forms (ca. 3 per cent.). The great majority 
of trypanosomes have no free flagellum ; it is probably present in T2 to 3-9 per 
cent, (only in elongated forms). Kinetonucleus typically sub terminal and 
marginal. Dimensions ; total length (body + flagellum) from 12/r to 24/i, 
mean length from 17;.i to 18-2/x. Binary flssion markedly asymmetrical 
(“ stepped ”). {Note : characteristic “ head-to-tail ” agglutination in pairs). 

Biological Characteristics. — Intermediate hosts : tsetse flies {Glossina 
morsitans and possibly other spp.) : development in intestine and proboscis 
(metacyclic trypanosomes). Pathogenicity: highly virulent to pigs and sometimes 
to monkeys; slightly virulent to goats and sheep ; not infective to cattle, antelope, ' 
dogs and laboratory rodents. 

Habitat. — Vertebrate hosts : warthog {Phacochoerus aethiopicus) (reservoir) 
and domestic pig {Sns sa'ofa) (Suidae). 

Geographical Distribution : Tropical Africa, mainly. Central and 
Eastern. 

2. — SYSTEMATIC POSITION. 

According to Bruce et al. (1913), “ T. simiae belongs to the same group 
as T. pecorum ” (= T. congolense) : their general appearance is said to be similar 
and “ it is often difficult or impossible to distinguish between a short individual 
of the former species and a long one of the latter.” Furthermore, the two 
species proved to have an identical method of development in the invertebrate 
host (Bruce et al, 1913a). Hornby (1919), however, suggested that T. simiae 
was ‘‘ only a variety of T. congolense modified by passage through the warthog,” 
but it is not clear whether this author implied that these two species were mutually 
convertible or whether he merely referred to the origin of T. simiae, as an 
established variety, from T. congolense. 

The question of the exact rank to be given to T. simiae (specific or varietal) 
is, of course, a matter of convention. The important fact to be emphasized is 
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that tliis species diflers from T. con-nhmr in a lunnbcr of essential morphological 
c laractcrs, such as its dimensions, its distinct poivmorpliism, the occurrence of 
torms wjth a free nagellum, and in the structure' of its elongated forms. The 
only form of T. Hmiac which is indistinguishable from T. cow^oknsc is the short 
type ot trypanosome (cf. Fig. A, 8, 15, LM. 2S). On the other hand, I have never 
oun m T. stmtar the short stumpy type of trypanosome frcquentlv seen in 
i. consokme{ct " T. nnmm " : Bituct: <t ai, 1911). which actually represents 
miniature of some of the “ stumpv ” forms occurring in trvpanosomcs 
01 the in/rrf.group (cf. “ T. niocricuse " : 191o). 

Since 7. simiac posscs.scs a number oi well defined characters by which it 
can e differentiated from other trypanosomes, there is cverv reason for recog- 
nizing It as an independent .species, especially in view of the fact that in many 
cases tr\panosomcs difiering but slightly or indistinguishable from each other 
nave been given specific rank. 

The presence in 7'. snniac of forms indistinguishable from 7'. coiigolcnsc, 

1 1C absence of a free flagellum in the great majority of individuals, and the type 
o e^elopment in the tsetse fl}', are all attributes of the cougolciisc-groxi^. On 
t ie other hand, this trypanosome would appear to have definite affinities with 
1 1 C on/cf/-group : like members of the latter it is polymorphic ; the typical 
forms of T. simiac and particularly those with a free flagellum 
• hig. A, 4, 5, 13, 19, 20) arc similar to the “ intermediate ” forms of trypano- 
somes of the brucci-gvou^, both as regards their general appearance and size ; 
an , moreover, the slcnclcr rodhoini "-like forms of T. simiac also occur in 
niembers of the i/v/cef-group, 

r 1 seem that morphologically T. simiac represents a connecting 

m ' between the congolensc-gvou^ and the brace i-group, while biologicall)' (t 3 '^pe 
o evelopment in the insect host) it belongs entire!}'’ to the coiigolense-gxoup. 

In a previous publication (Iio.-\RE and Coutelen, 1933) an attempt was made 
to rationalize the classification of the mammalian trypanosomes by arranging 
t lem on a phylogenetic basis, and combining the classification witli a key for 
t eir identification by the morphological characters. The present study has 
pro\jded new facts in support of our views on the evolution of the trypanosomes 
m that T. simiac fills the gap between the congolense- and the imeef-groups. 

ow ever, the key which conformed to the data available at that time now stands 
m need of readjustments to permit the inclusion of T. simiac with its mixed 
c aracters, I propose to deal with this question in a future publication. 


-Summary. 


This paper deals with the aetiology of an acute form of trypanosomiasis 
among pigs in tropical Africa. 

The study of the parasites from a number of cases showed that they all 
represent a polymorphic trypanosome of the same type. 
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TRYPANOSOMA StUlAE. 


A re-examination of Bruce’s original Trypanosoma siniiae revealed in it a 
similar polymorphism and established its identity with the trypanosome 
responsible for the outbreaks among pigs. 

A revised description of T. simiae (summarized in the Diagnosis on p. 642), 
is given and its systematic position is discussed. It is shown that T. simiae has 
affinities both with members of the co/j^o/cHse-group and with those of the 
hriicei-gxonp, and should occupy an intermediate position. 

The division and auto-agglutination in this trypanosome are described for 
the first time. 

An account is given of all the known instances of acute pig-trypanosomiasis. 
While in some of these it was possible to demonstrate the presence of T. simiae 
by examination of films, in others the presence of this trypanosome could be 
inferred from a critical analysis of the records. 

The epidemiological data concerning these outbreaks are also briefly 
discussed. 
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A CLINICAL COMPARISON OF ATKBRLN-MUSOxNATE WITH 
QUININE BIHYDROCHLORIDE. 

(A Preliminary Report B.ased on the Treatment of 286 Cases of 

Acute Malaria.) 
nv 

J. W. FIELD 

AND 

J. C. NIVE.X,'' 

Justi/ulc for Medical Research, Federated Malay States. 


Foreword. 

Atebrin-musonatc, one of the latest additions to the growing list of synthetic anti- 
malarial drugs, is the diniethane sulphonate of atebrin. The more familiar “ atebrin ” of 
commerce is the dihydrochloridc. 

Unlike atebrin, atebrin-musonate is readily soluble in water. The drug was prepared 
by Messrs Bayer as a form of atebrin suitable for administration by intramuscular or 
intra\'enous injection. It is supplied as a yellow powder in dry ampoules containing 0*375 
gramme — the equivalent of 0*3 gramme of atebrin dihydrochloridet — a quantity which 
is readily soluble in 2 c.c. of w'ater. 

According to instructions issued by the manufacturers the drug is best administered 
by intramuscular injection, though it may also be given intravenously. The intramuscular 
dosage suggested is 0-3 gramme on each of the nvo successive days. For intravenous 
administration the maximum single dose should not e.vceed 0-1 gramme, repeated if 
necessary two or three times within the 24 hours. 

It is suggested that two intramuscular injections, each of 0-3 gramme, on successive 
days arc generally sufficient to effect permanent cure of acute malarial infections, a view 
which is supported to some e.\'tent by results reported from Ceylon and Singapore. 

Blaze and Simeons (1935), for instance, treated a small series of twenty-one cases of 
acute malaria W’ith atebrin-musonate in the Colombo General Hospital, and found that 
two injections of 0-3 gramme given intramuscularly on successive days were sufficient to 
control fever within 48 hours and to effect the disappearance from the peripheral blood of 
all forms of P. vivax, and of the trophozoites of P. falciparum, within four days. In a few 
cases there Avas a reappearance of parasites but in no case was there any return of fever 
during the period of observation. 


* The malaria %vards of the General Hospital, Kuala Lumpur, are under the general 
direction of Dr. J. W. Winchester to whom we are indebted for the freedom of access to 
clinical material which rve ■were afforded. 

Supplies of atebrin-musonate were furnished by the local agents of Messrs. Bayer 
through their scientific representative, Dr. Peters, to whom w*e extend our thanks. 

Finally w'e wish to express our appreciation of the helpful advice and criticism we have 
received from Dr. A. Neave Kingsbury, the Director of the Institute for Medical Research, 
Federated Malay States. 

tin the following pages the dosage of atebrin-musonate w'ill be expressed in terms of 
the content of atebrin dihydrochloride. 
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More recently Vardy (1935) has treated fifty cases of acute malaria in Singapore, and 
reported similar results. From a study of Vardy'’s detailed case records it is evident that, 
in most instances, two intramuscular injections of 0-3 gramme on successive days effected 
a rapid disappearance of parasites from the peripheral blood and a still more rapid remission 
of fever. Vardy refrains from drawing sweeping conclusions from the evidence at his 
disposal but advances the view that in atebrin-musonate “ we obviously have a very powerful 
therapeutic agent in the treatment of malaria.” 

Subsequent reports from Ceylon har'e been somewhat less favourable. The powerful 
therapeutic activity of atebrin-musonate in the immediate treatment of acute infections 
has been generally confirmed but attention has been drawn to the occasional occurrence, 
particularly among children, of serious symptoms which arc believed to be related to the 
administration of the drug, while doubt has been thrown on the permanency of cure in a 
relatively high proportion of the cases treated (Briercliffe, 1935). 

Present Investigation, 

In May of the present year a generous supply of atebrin-musonate tvas 
placed at the disposal of the Malaria Research Division of the Institute for 
Medical Research, Kuala Lumpur, by the local agents of Messrs. Bayer, and 
in June an experimental comparison of this drug with quinine bihydrochloride 
for the treatment of acute malaria was commenced in the malaria wards of the 
General Hospital adjoining the Institute. 

Between June and September 286 cases of acute malaria were treated by 
the writers either with atebrin-musonate or with quinine bihydrochloride for 
the purposes of control. The present report is an account of the results obtained 
to date. The enquiry is being continued. 

Type of Case. 

The subjects of this enquiry are almost entirely of Malay, Chinese, or 
Indian race. The former were drawn from the peasantry of the neighbouring 
villages, while the Chinese and Indians were generally labourers from local 
rubber estates and tin mines. 

Most of the patients were drawn from districts where malaria smoulders 
throughout the year and for this reason primary infections were in a minority, 
but in view of the difficulty of obtaining precise medical histories from Asiatic 
labourers the proportion of primary to recurrent infections was not determined. 

Table I indicates the distribution of the three types of malaria in the 
atebrin-musonate and quinine case series. 

Table I. 


Atebrin-musonate series 

Subtertian. 

Benign tertian. 

Quartan. 

.. 117* 

40 

7 

Quinine series 

89 

29t 

0 


^ This figure includes twenty cases treated intravenously with small doses of atebrin- 
musonate and not controlled by the treatment of parallel cases with quinine 

t At one stage of the enquiry, cases of benign tertian malaria were relatively few and 
quinine controls were temporarily suspended in order to facilitate the rapid collection of 
data regarding atebrin-musonate. 
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]\fciIio(fs of Enquiry. ■ 

Available cases of acute uncomplicated malaria admitted to the malaria 
wards during the period of the investigation were treated in alternating sequence 
with atebrin-musonatc or with quinine bihvdrochloride, irrespective of sex, 
race, or duration of infection. 

Cases falling within the following groups were excluded for reasons which 
arc sufficiently obvious, 

[a) All afebrile cases. 

{b) All cases of low grade parasitixation (initial trophozoite counts of less 
than 500 per c.mm. in the case of subtertian infections, and 200 per c.mm. in 
benign tertian and quartan infections). 

(c) All cases with a history of previous malarial treatment within 3 days 
of coming under experimental observation. 

(if) All mixed infections. 

(e) All children under 12 years. 

All cases were under full hospital observation and control. Temperatures 
were recorded four times a day. Thick blood films, stained by the Giemsa 
technique described by Green (1931) were examined daily during an observation 
period of 7 days and parasites were counted dailj' bj' Sinton’s fowl corpuscle 
method. 

The general aim of the enquiry was to compare atebrin-musonate treatment 
with standard quinine treatment and not two injections of atebrin-musonate 
with two injections of quinine bihydrochloride. Two injections of quinine 
bihydrochloride cannot be regarded as an efficient course of treatment for acute 
malarial infections and a comparison of the two drugs under strictly parallel 
conditions would of necessity have little more than an academic significance. 

Quinine bihydrochloride was administered orally in solution twice a day 
for 7 days at a dosage calculation according to body weight, 

Atebrin-musonate was given by intramuscular or intravenous injection. 
For intramuscular administration the contents of one ampoule Avere dissolved 
in approximately 2-5 c.c. of cold sterile tap water. Solution Avas usually complete 
Avithin 2 or 3 minutes.* For intraA^enous use 0-3 gramme of the drug Avas 
dissolved in 9 c.c. of Avater. The total intramuscular dosage Avas either 
0-6 gramme or 0-9 gramme ; the total intraA^enous dosage A'aried from 0-2 gramme 
to 0'6 gramme. 

* The manufacturers recommend that 0*3 gramme, the contents of one ampoule, 
should be dissolved in 9 to 10 c.c. of Avater as stronger solutions may give rise to tissue 
irritation. We have had no CAndence that the solutions of oA'er three times this strength 
used by us haA^e been unduly irritatiA^e Avhile on the other band aa'c regard 10 c.c. as someAA’hat 
too large a A'olume for routine intramuscular injection. 
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Quartan malaria is relatively uncommon in Kuala Lumpur, and during 
that period of the enquiry -seven cases only were available for treatment. These 
cases each received intramuscular injections of 0-3 gramme of atebrin-musonate 
on two successive days. Trophozoites and schizonts were absent from thick 
films taken from the peripheral blood u'ithin an average period just under 
4 days, while the duration of fever averaged approximately H days. 

Effect of Atebrm-Jimsonate on Gametocytes. 

It is well recognized that atebrin is of limited value as a gametocide for it 
has little effect on the numbers or on the viability of the gametocytes of 
P. falciparum, and it is, perhaps, only to be expected that atebrin-musonate, a 
salt of atebrin which, presumably, owes its plasmocidal activity to its atebrin 
content, should e.xhibit similar effects. 

Gametocyte counts were made daily on all our patients. Table II summarizes 
the day by day gametocyte. incidence. It will be noted that benign tertian 
gametocytes rapidly disappeared during atebrin-musonate treatment but that 
subtertian gametocytes, on the contrary, were present in a high proportion of 
cases on the 7th day. 

Table II. 


NUMBER OF CAMETOCyTE CARRIERS FRO.M DAY TO DAY DURING TREAT.ME.NT. 





■i 




AM/ST. (94 cases) 

20 

30 

41 

i 49 

06 

58 

: 52 

Q/ST. (8S „ ) 

19 

31 

38 

1 49 

59 

50 

51 

AM/BT. (40 „ ) 

28 

20 

10 

i ^ 

0 

0 

0 

Q/BT. (29 „ ) 

18 

18 

14 


■ 

1 

1 


The viability of subtertian gametocytes was apparently little affected by 
the presence of atebrin-musonate in the system for fiye out of si.x crescent- 
carriers on whom mo.so.uitoes were fed at varying from the 4th to the 

10th day after the^ ■ ent of treatment v' to be infective. 

Deaths. 


There 
were adm 
24 hour® 
quinine t^ ,, 
AM, 
condition 
Died withi 
AM, S' 
3rd day. 


f a total of 288 
infections and 
ived atebrin-n 
ws ; — 
rs. S.T. rin 
Oedema o 


All four cases 
our died within 
ment and one 

.mm. General 
n. Dyspnoeic. 


.T. ring 


. Died o 
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AM, ST. 35. Male Chinese aged 2 1 ye.nrs. S.'l’. rings too numerous to count in thick 
films. I'liin him count showed 31 per cent, of R.lJ.C’s infected. Died witliin 24 hours. 

Q, ST. 68. Male Chinese aged 33 years. .S.'l'. rings 180,000 per c.mm. Died within 
24 hours. 

It is perhaps not entireh' fair to include Cases 5 and 35 in the list. The 
infections Irom which these patieitts were sufl’cring were of such overwhelming 
intensity that recovery under any treatment was unlikely, and it was entirely by 
coincidence that they fell to the atebrin-musonatc scries. 

Relapses. 

The minimum period of observation in hospital was 7 days, and although 
a few individuals were induced to stay as long as 3 or 4 weeks, it was found 
that after a week most patients clamoured for discharge to return to the districts 
where they had originally become infected. 

Under such circumstance it was manifestly impossible to obtain precise 
data of relapse rates. 

It was found, however, that a number of patients returned to hospital u'ith 
the same type of malaria within a few weeks of discharge and it is probable that 
most of these infections were true relapses. 

These recurrent infections are anah'sed in Figure 5. It is not suggested 


I'lGum: i). 

APPAUUNT HUCUUUKNCES Op INFECTION WITHIN TUN WEEKS OF TREi\TMENT. 


SerinI 

Number. 

Dosage. 

Interval in Weeks before Reappearance 
of Trophozoites. 


1 

2 

3 

4 

1 

' 5 

c 

7 

i 8 

1 

9 

10 

AMST a 

0-6 gramme 

1 M. 



• 

i 

j 


[ 



G 

0-0 

1 M. 


• 







10 

0-G 

1 M. 



• 



’ 



28 

0-6 

1 M. 


• 


1 





31 

0-C 

1 M. 

• 








00 

0-2 

1 V. 

• 





[ 



.. 79 

0-9 

1 M. 








• 


„ 84 

0-9 

1 M. 


• 









.. 90 

0-9 

1 M. 








• 



.. 100 

0-4 

1 V. 




• 







AMBT 5 

O'G-0-9 gramme 

1 M. 



• 



• 





„ 7 

O-G-0-6 

1 M. 




• 




• 



23 

0-G gramme 

1 M. 






• 





25 

0-G 

1 M. 




• 







29 

0-6 

1 M. 



• 








32 

0-6 

1 M. 




• 







„ 33 

0-G 

1 M. 




• 
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ATEBRIN-MUSONATE. 


Quartan malaria is relativelj^ uncommon in Kuala Lumpur, and during 
that period of the enquiry seven cases only were available for treatment, rhese 
cases each received intramuscular injections of 0-3 gramme of atebrin-musonate 
successive days. Trophozoites and schizonts were absent from thick 
films taken from the peripheral blood within an average period just under 
4 days, while the duration of fever averaged approximately days. 

Ejfect of Atebrin-musonate on Ganietocytes. 

It is well recognized that atebrin is of limited value as a gametocide for it 
has little effect on the numbers or on the viability of the gametocytes of 
P. falciparum, and it is, perhaps, only to be expected that atebrin-musonate, a 
salt of atebrin which, presumably, owes its plasmocidal activity to its atebrin 
content, should exhibit similar effects. 

Gametocyte counts were made daily on all our patients. Table II summarizes 
the day by day gametocyte. incidence. It will be noted that benign tertian 
gametocytes rapidly disappeared during atebrin-musonate treatment but that 
subtertian gametocytes, on the contrary, were present in a high proportion of 
cases on the 7th day. 

Table II. 

NUMBER OF GAMETOCYTE CARRIERS FROM DAY TO DAY DURING TREATMENT. 


1 

1st 

1 

! 2nd 

3rd 

4th 

i 

I oth 

6th 

7th 


Day. 

1 Day. 

Day. 

Day. 

1 Day. 

i 

Day. 

1 Day. 

AM/ST. (94 cases) 

26 

; 36 

41 

49 

i 56 

58 

1 

1 62 

Q/ST. (88 „ ) 

19 

1 31 

38 

49 

] 59 

56 

1 

AM/BT. (40 „ ) 

28 

26 

16 

3 

' 0 

0 

i 

0 

Q/BT. (29 „ ) 

18 

i 18 

1 

14 


j 1 

1 

1 1 
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The viability of subtertian gametocytes was apparently little affected by 
the presence of atebrin-musonate in the system for five out of six crescent- 
carriers on whom mosquitoes were fed at varying periods from the 4th to the 
10th day after the commencement of treatment were shown to be infective. 

Deaths. 


There were four deaths out of a total of 288 cases treated. All four cases 
were admitted with heavy subtertian infections and three of the four died within 
24 hours of admission. Three received atebrin-musonate treatment and one 
qumme treatment. Details are as follows • — 


conrltJfn’rfrl' ^.mm. General 

Died 3n 24 ^ abdomen. Dyspnoeic. 


3rd d^5^’ Chinese aged 30 years. S.T. rings 700,000 per c.mm. Died on 
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AM, ST. 3n, Male Chinese a^e'd 2! years. S.'l'. lines too numerons to count in thick 
films. 7'hin film count showed dl per cent, of R.Ii.C’s infected. Died within 2-1 liours. 

Q, ST. 68. -Male Ciiinese need 33 years. S.T. ring's 180,000 per c.mm. Died within 
2-1 hours. 

It is perhitps not entirely fair to include Cases 5 and 35 in the list. The 
infections from which these patients were sutfering were of such overwhelming 
intensity that recovery under any treatment was unlikely, and it was entirely by 
coincidence that they fell to the atebrin-musonalc series. 

Relapses. 

The minimum period of observation in hospital was 7 days, and although 
a few individuals were induced to stay as long as 3 or 4 weeks, it was found 
that after a week most patients clamoured for discharge to return to the districts 
where they had originally become infected. 

Under such circumstance it was manifestl)' impossible to obtain precise 
data of relapse rates. 

It was found, however, that a number of patients returned to hospital with 
the same type of malaria within a few weeks of discharge and it is probable that 
most of these infections were true relapses. 

These recurrent infections arc analysed in Figure 5. It is not suggested 
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Al'I’AJU'iLNT lU:CURIU;XCnS or I.NFKCTION within ten WEI-KS Ol- TREATMEN’T. 
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that this affords an accurate indication of the atebrin-musonate relapse rate 
for it is by no means certain that every patient with a relapse returned to 
hospital, nor is it certain that those who did return had not acquired a fresh 
infection. However, the figures are presented for what they are worth. 

One case treated with atebrin-musonate (AM, ST.84) relapsed while still 
under observation in hospital. This case is interesting in that atebrin was 
present in the system and was still being excreted in the urine in appreciable 
quantity when parasites and fever returned 17 days after the completion of 
treatment. 

Excretion of Atebrin-Musonate. 

Atebrin may be demonstrated in the urine of all cases undergoing atebrin- 
musonate treatment. During the course of the present series the urines of all 
atebrin-treated cases were examined as a routine by ultra-violet light,* under 
which atebrin fluoresces strongly. By using this method it is possible to demon- 
strate atebrin in such minute quantities as 1 in 2,500,000. Quinine also fluoresces 
under ultra-violet light — a bright violet colour — but in most cases Mayer’s test 
was considered sufficient to demonstrate its presence. 

By means of a series of standards of known dilutions of atebrin in urine, it 
was possible to get some idea of the amount of atebrin being excreted. No 
attempt, however, was made to carry out accurate quantitative analysis and the 
test was not regarded as giving more than a rough idea of the amount of atebrin 
present. 

In the present series, all cases on full atebrin-musonate treatment showed 
a well marked reaction on discharge from hospital, usually 5 to 6 days after 
treatment had stopped. It was, unfortunately, not possible to keep most of 
our patients in hospital longer than a week or 10 days but two cases remaining 
for a longer period were still excreting atebrin in the urine 3 weeks after the 
last dose of atebrin-musonate. It is therefore apparent that atebrin is retained 
in the body for a considerable period. 

Urine from several cases was examined at short intervals after administration 
of atebrin-musonate, and atebrin could usually be demonstrated in appreciable 
concentration between 5 and 10 minutes after injection. This was found to be 
the case whatever the route of injection and it does not appear, therefore, that 
the intravenous route has any advantage over the intramuscular route in regard 
to the rapidity of absorption of the drug. 

As far as ean be gathered from the tests applied in this series of cases, atebrin 
appears in the urine a few minutes after injection of atebrin-musonate, is excreted 
steadily for several days, and then slowly disappears over a period of weeks. 

* The technique is as follows : 10 c.c. of urine in a test-tube is alkalised with a few 
drops of a saturated solution of potassium carbonate, 0-25 c.c. of amyl alcohol added and 
the tube well shaken. Any atebrin present is extracted by the amyl alcohol which forms a 
layer on the surface. Where atebrin is present in large amount this layer has a distinct 
yellow tinge to the naked eye. By means of ultra-violet light, the typical atebrin fluorescence 
can be obtained in cases where atebrin is present in very high dilutions, 
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DoSAGH AXn MnTHOn ()F AdMINFSTUATIOX of ATI-nRlX-MUSONATF. 

Jn a leaflet issued by Messrs Bayer with each ampoule of alcbrin-musonate 
there arc general instructions as to dosage. The intramuscular route is recom- 
mended. A total dosage of 0-6 gramme is said to he an effective course of 
treatment for the average ease of acute malaria. 

The above results are consistent with this claim though it is uncertain how 
far the immediate cure of infection effected by two injections of 0-3 gramme 
can be regarded as permanent. 

With regard to the intravenous administration of atebrin-musonatc, the 
recommendations of the makers are as follows ; — 

“ For intravenous administration it is advisable not to c.xceed the si/ig/e 
dose of 0-1 gramme “ atebrin ” in adults. Injections should be made slowly. 
This dose //lay be repeated several times a day (2 to 3 times).” (The italics are 
ours.) 

This wording is perhaps a little unfortunate as there is some ambiguity as 
to whether one single injection of 0-1 gramme is not regarded as a sufficient 
daily dose which may at the discretion of the physician be safely repeated. We 
understand, however, from Dr. Peters, the local scientific representative of 
Messrs. Bayer, that no such implication was intended and that the makers do 
not regard a single intravenous injection of 0-1 gramme as a sufficient dosage 
for a period of 24 hours. 

We had, however, before discussing the question with Dr. Peters, made 
an attempt to define the minimal effective intravenous dose of the drug for the 
immediate treatment of acute subtertian infections with results that are not 
without interest. 

Three series, each of ten cases rverc given on each of two successive days 
intravenous injections of 0-1 gramme, 0-2 gramme and 0-3 gramme of the drug 
■ — the whole dose being given in one injection. 

The response to treatment is indicated in Figs. 6 and 7. 


CO.MPARATIVE J-a-TECTS OF DIFFERING INTRAVENOUS DOSES OI' ATEBfUN-MUSONATE IN 
30 CASF.S OF .ACUTE SUflTERTIAN .MALARIA. 



Fin. 7. 
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atebrin-musonate. 


From these results it was evident that two intravenous injections of 
0-1 gramme, though not entirely without effect, showed a long delayed and entirely 
inefficient therapeutic response. In three cases treatment at an efficient dosage 
became necessary before the end of the customary /-day observation period on 
account of the progressive deterioration in the clinical condition.* 

In the second series treated with two injections of 0-2 gramme all cases 
were free from trophozoites and fever within 4 days, though the response was 
appreciably slower than that shown in the third series receiving two injections 
of 0-3 gramme. 

A striking feature of the treatment in the 0-3 gramme series was the rapid 
fall in temperature. In eight out of ten cases the temperature had fallen to 
normal with 24 hours, and in the remaining two cases within 72 hours. 

The infections on which the curves are based showed an average range of 
intensity. Initial trophozoite counts per c.mm. of blood ranged from 1,000 to 
212,000, with an average of 34,000 in the first scries, 18,000 in the second series 
and 36,000 in the third scries. 

Despite the ready response to treatment of cases receiving adequate doses 
of atebrin-musonate by the intravenous route, we are in full agreement with the 
manufacturers that the drug is best given by intramuscular injection. Intra- 
muscular injections of atebrin-musonate are rapidly effective and the appearance 
of traces of the drug in the urine within 10 minutes of an intramuscular injection 
of 0-3 gramme indicates a rate of absorption sufficiently rapid for even the 
gravest of infections. 


Toxicity. 

Reports have recently appeared which suggest that atebrin-musonate may 
not, under all circumstances, be an entirely safe drug to use. Unpleasant 
sequelae and even death have been attributed to the direct effects of the drug. 

Vardy (1935) found that a number of his cases complained of feeling 
“ knocked out ” by the treatment. One case developed epileptiform convulsions 
2 hours after the second injection of 0-3 gramme. 

Briercliffe (1935) has collected and summarized the experiences of the 
Ceylon Medical Department during the recent malaria epidemic in which atebrin 
was used on a large scale. He records four instances among 681 individuals 
receiving injections of atebrin-musonate in hospital in which death was believed 
to be due to the effects of the drug. Three of these cases were children under 
4 j'cars of age. Under certain conditions — in the presence for instance of severe 
anaemia or of defective kidney function — he believes the use of the drug to be 
contra-indicated, while he sounds a note of caution against its routine use for 
young children. 


* It was for this reason that no temperature 
7-day curve could not be completed. 


end-point was obtainable and the full 
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Throughout the course of the present enquiry 421 intramuscular or intra- 
venous injections of atebrin-musonate were given to 176 adults. In no instance 
were toxic effects of any significance observed which could definitely be 
attributed to the drug.^' 

A temporary fall of blood pressure of 10 to HO mm. of mercury has been 
found in those instances where readings have been taken but comparative data 
of the effects of atebrin-musonate and quinine bihvdrochloridc on the circulatory 
system is incomplete. 

Intramuscular injections were given into the gluteus medius. They appeared 
to produce remarkably little local pain or tcrulcrness. In a few instances there 
was a little inflammatory induration for a day or two. 

Intravenous injections, particularly those of 0-2 gramme and O'H gramme 
were usually associated with temporary giddiness and faintness, passing off 
within a few minutes but occasionally lasting for an hour or more. 

Yellow staining of the skin such as occasionally follows the oral adminis- 
tration of atebrin was not observed, though it is possible that slight degrees of 
staining were missed on the dark skins of our patients. 


SUMMAKV. 


1. A comparison is made between atebrin-musonate and quinine bih 3 ^dro- 
chloridc in the treatment of acute malaria. 

2. 286 eases of acute malaria due to Mahyvan strains of P, falciparum^ 
P. vivax, and P. malariae, were treated in alternating sequence Avith one or 
other of these drugs. 

3. The rates at which the atebrin-musonate and tlie quinine case groups 
became trophozoite-free and fever-free are contrasted in a series of graphs. 

* We have since observed the occurrence in two subsequent cases of epileptiform fits 
developing shortly after treatment. 

Case AM/ST.13,135, a male Tamil of 40 years, developed a senes of fits a few hours 
after a third injection of 0*3 gramme. Except for a little giddiness recovery was complete 
within 24 hours. There was no history of prerdous fits. 

Case AM/ST.144,35, a male Tam'il of 38 years, developed generalised spasms 3 hours 
after the third injection of 0*3 gramme. The neck, back, and limbs became rigid and the 
patient was found resting on the heels and shoulders though at the outset consciousness 
was retained. The condition became rapidly worse and within half an hour consciousness 
was lost and Cheyne-Stokes breathing with cyanosis developed. Recovery began within 
an hour of onset and on the following day the patient was relatively normal. Th^e was no 
history of previous fits. The excretion of atebrin appeared to be satisfactory. Thwe was 
no evidence of liver or renal deficiency. The general condition of the patient had been 
poor when first he came under observation. The haemoglobin percentage was an 

oedema of the face and feet was present. . , r r • a r 

An interesting feature of this case was tlie presence during the fit of a copious now rom 
one eye of vivid yellow tears which on test showed a strong atebrin reaction. 

It should be noted that in both instances the total dosage of the drug was gramme, 
i.e. 0-3 gramme above the customarj’’ upper limit. 
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4. It is shown that there was a tendency for trophozoites to disappear 
from the peripheral blood and for temperatures to fall to normal somewhat 
earlier among cases treated with atebrin-musonate. 

5. No toxic effects of any importance were observed (but see footnote 
p. 657). 

6. Evidence is recorded which suggests that the minimal effective daily 
dose for an adult is 0-375 gramme (= atebrin 0-3 gramme). This dose when 
given either intramuscularly or intravenously on two successive days effected 
a rapid disappearance of parasites and fever. 

7. Intramuscular administration is regarded as the method of choice. 

8. It is noted that absorption of the drug from the muscles is very rapid, 
and that atebrin may be demonstrated in the urine within 10 minutes of an 
intramuscular injection of 0-3 gramme. A method of testing for the presence of 
atebrin in the urine which is sensitive to over one in a million is described. 

9. It was not possible to obtain precise data regarding the permanency of 
cure but an analysis of cases returning to hospital within 10 weeks of discharge 
suggests that relapses after atebrin-musonate treatment are probably fairly 
common. 
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liV 

F. O’B. ELLISON. M.D. (Dublin). F.R.A.S.. 
Professor of Pliysioloi^y, Ccylott Medical Colleye. 


In his paper on the recent epidemic ot malaria in Ceylon Gill* has 
suggested that a definite correlation exists between the maximum and minimum 
development of sun-spots and epidemics of malaria. It seems on examination 
that this correlation is not as close as Gill supposed and it may be well therefore 
to consider briefly what is known of sun-spots and associated phenomena. 

Systematic observation of the sun with a telescope or even by the unaided 
eye, if sufficiently carefully pursued, will soon show anybody that from time to 
time dark spots appear on the bright surface. 

This was noted bv the Chinese as far back as the beginning of the Christian 
Era, and has been the object of much study by astronomers everywhere since 
the invention of the telescope in 1610. What is the nature of these spots ? 

The bulk of the sun’s light is given out by a rather thin, intensely bright 
layer in the sun called the photosphere. This is regarded as the surface of the 
sun, but it can only be so conventionally as the sun is entirely composed of gas 
and so cannot have a sharpl)' defined free surface. The photosphere however 
appears to be quite sharply defined, and w'hat c.xactly it is and wLy it is so much 
brighter than the rest of the sun is not knowm for certain. 

Sun-spots appear to be holes in the photosphere, blown in it by currents 
of gas rushing upw’ards and dowmw'ards in a peculiar manner. There is reason 
to suppose that the current is upw'ards at the edge of the spot and downwards 
in the middle, though this may’’ sometimes be reversed. It is w'ell-known, how ever, 
that the temperature of the spots is low'er than that of the surrounding parts of 
the sun by about 1,000° C,, the general temperature of the sun s surface being 
about 6,000° C. The expansion of upward rushing gas and the descent of cool 
gas accounts for this in an adequate manner. In addition to these movernents 
the spots are the seat of a very pow'erful magnetic field wdiich is sometimes 
positive and sometimes negative, these polarity^ differences following a fair y 


constant plan. 

* Gill, C. A. (1936). Some points in the epidemiology of malaria arising out of the 
study of the malaria epidemic in Ceylon in 1934-35, Trotis- Roy. Soc. Trap. . yg-, 
xxix, (5), 427. 
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The number and area of the spots and their distribution on the sun also 
follow a regular rhythm. They occur in a cycle of between 11 and 12 years, 
increasing from a minimum when there may be no spots visible sometimes for 
months, increasing during 3 or 4 years to a maximum during which the sun is 
practically never without some conspicuous groups, then diminishing during 
about 6 years to the next minimum. This is not, however, an invariable cycle. 
Considerable extensions of the period have been recorded and during one 
period of 70 years, 1645 to 1715 a.d., hardly any spots were seen on the sun 
and sometimes none at all for periods of 10 yczrs at a stretch. 

Other changes visible in the sun are generally connected with the sun-spot 
cycle in their activities, but are not so definitely periodical as the spots. Elevated 
bright patches called faculae and eruptions, of gases and of certain metallic 
vapours, known as prominences, are more abundant at periods of sun-spot 
maximum, but are by no means absent at periods of spot minimum. 

Spots are never seen within a zone of 40° from the sun’s poles and almost 
never within 5° from the sun’s equator. Prominences however occur freely at 
all parts of the sun’s limb and are often conspicuous near the poles at times of 
sun-spot minima. 

It sometimes happens also that powerful magnetic fields develop in the 
sun, similar to those associated with large spots, but with no spot associated 
with them. 

It will thus be seen that sun-spots are only one of several manifestations of 
activity in the sun, which are connected with one another to a certain extent, 
but are not necessarily dependent on one another. 

The next thing to consider is how changes in the sun may affect things on 
the earth. 

There is no need to labour the point — how a change in the sun’s heat or 
radiation would affect the earth. If the change is considerable it is bound to 
have an effect. We must therefore ask, does the sun’s heat change appreciably ? 

A great deal of investigation has been directed towards the measurement 
of the sun’s heat as received at the surface of the earth. This is expressed as 
a standard, known as the Solar Constant, which is the number of gramme- 
calories received from the sun per minute on a surface of 1 square cm. at right 
angles to the sun s rays. The average is 1 -93, but when we come to consider 
variations, enormous difficulties are encountered, because we have to measure 
the heat received through the earth’s atmosphere, and many variable factors 
combine to modify the measured constant. The density of the atmosphere, 
the amount of cloud, the amount of water vapour, the amount of dust all modify 
the Solar Constant as measured on the ground, and as these factors are different 
at different and often inaccessible levels, their effect on the sun’s heat cannot 
be accurately estimated. 

Estimates have been made of course, and corrections for all these and many 
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other iactors attempted, but whether the figures obtained really approach the 
actual heat per square cm. received from the sun outside the earth’s atmosphere, 
IS by no means certain. Measured thus, the Solar Constant shows many 
variations, up to 5 per cent, of the total amount. These variations have been 
plotted during many years now and a great variety of periodicities have been 
described ; thus changes occurring at internals of 7 days, 10 days, half-year, 
4-5 years, of 11-12 years and longer periods up to centuries have been suggested. 
It has even been argued that the well-known irregularities of “ the weather ” 
would not occur if the sun’s radiation were uniform (Claytox, 1923). 

Many causes liave been suggested for the sun-spot cycle ; it has been 
argued that Jupiter is the cause, because his period of revolution round the 
sun is nearly the same as the mean sun-spot cycle. Effects due to Saturn, 
Mercury and Venus have been described also, and it appears to be a fact that 
more sun-spots fade awat' on the side of the sun next the earth than on the 
other side (M.aundek), so tliat tlic earth has some effect on them, but although 
outside^ influences may modify them, their cause is deep within the sun itself, 
rhere is strong evidence that the bigger the spot, the deeper down in the sun 
is its origin, but this cannot be further discussed here. 


The one effect on the earth of sun-spot activity which is established fully 
IS a magnetic effect. Outbursts of large spots near the central part of the sun’s 
disc are so commonly followed by magnetic storms and brilliant displays (in 
high latitudes) of “ northern lights,” that it is certain that there is a connection 
between them. Several such have come under my own observation ; but here 
again, many spots have no magnetic effect on the earth, and occasionally big 
magnetic disturbances arise from certain areas in the sun where a spot has not 
appeared. These magnetic disturbances are sometimes so great as to throw all 
the submarine telegraph cables out of action, while they last. 

^Vhen we come to consider a possible connection between the sun-spot 
cycle and epidemics of diseases such as malaria, it is necessary to make certain 
preliminary assumptions. 

It is not, I think, justifiable to suppose a direct effect on what Gill calls 
the ” epidemic potential,” that is, an effect on the actual virulence or disease- 
producing capacity of the causative organism. 

It has, I know, been recently claimed in some sections of the public press, 
that plague, pestilences, and famine, battle, murder and sudden death are to 
be attributed to the malign influence of solar activity as shown by the prevalence 
of sun-spots. But it only needs an examination of the history of the remarkable 
70-year period of solar quiescence, 1645-1715, mentioned above, to disprove 
any such connection. This period of the world’s history was just as much 
disturbed by wars and tumults as any other equal period. In particular the 
great epidemic of plague in England, followed byt he great fire of London in 
1666, took place in the middle of a period of 10 years, 1661-1671, during which 
no spot was seen on the sun, even with the telescope. 
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It would require a great deal of proof before a variation in the sun’s energy, 
requiring much study to demonstrate, could be aceepted as a direct cause of 
variations in virulence of specific organisms. 

We must therefore look for indirect causes connecting sun-spots and 
epidemics of malaria. Changes in rainfall would be the most likely means by 
which such an effect could be brought about. 

If sun-spots could be shown to be connected with excessive rainfall in 
semi-arid countries, or with a great deficiency of rainfall in a wet climate, the 
connection with malaria epidemics would be intelligible. 

Our knowledge of the periodicity of sun-spots dates from the work of 
ScHWABE in 1826, so that now for over 100 years full records of the sun’s activity 
are available. 

Records of temperature, pressure, rainfall and winds are also to be had 
during the same period, for a large number of stations in different parts of the 
AYorld. 

None of these show any very definite and obvious connection with the 
sun-spot cycle, as numerous other factors produce large effects, which do not 
seem to fit the 11-12 year period. When, however, averages are taken over the 
whole period, it is found that a small effect corresponding ,to the sun-spot 
period emerges. 

The effect is very patchy and often of an opposite kind in places fairl}" 
close together. For example, there is an increase of frequency in cyclonic storms 
at sun-spot maximum in the north and in the south of the United States, but 
exactly the opposite in the central part of the country. 

Also in the Bay of Bengal and the South Indian Ocean hurricanes appear 
to increase with sun-spots ; in the West Indies and the South Pacific Ocean 
they diminish with increasing sun-spots and in the North Pacific Ocean they 
increase at sun-spot maximum in spring, summer and autumn, and diminish 
largely in the winter (Huntington, 1927). 

Koppen (1890) corellated 20 million observations over 100 years on world 
temperature and sun-spots, and found that the mean temperature of equatorial 
regions was 0'6 C. and of temperate regions 0‘4° C. higher at sun-spot minima 
than at maxima. Humphreys (1920) and Abbot and Fowle (1913) come to the 
same conclusion. 

In the case of barometric pressure a difference has been made out amounting 
to not more than plus or minus one millibar (6/100 of an inch) at maximum of 
spots, compared with that at minimum, an amount which is too insignificant 
to produce any meteorological result in most cases. The differences in annual 
rainfall due to the same causes range from none up to 0-4 inches over the greater 

of the world. A few small areas show a difference of 0-8 of an inch annually. 

many' of these places is of the order of magnitude of 
lUO inches annually and of some much more. These are general world-wide 
considerations, but it can be seen that they are not such as to determine 



epidemics of malaria anvwlicrc, throiiuh temperature, humidity or rainfall 
changes. 

We must now consider the application of these phenomena to conditions 
in Ceylon. 

Broadly speaking the weather conditions favouring the spread of malaria 
in Ceylon arc deticiencies of rainfall in the wet zone enough to cause prolonged 
lowness ol the water in rivers and streants, and in the dry zones abnormal 
heavy rain during the usually dry season, leading to an unusual number of pools 
of water, persisting for considerable periods. 

Let us see whether this kind of weather is a.^sociated with years of sun-spot 
maxima and minima in Ceylon. 

In the table the rainfall average for each place is given in the first column, 
for all the sun-spot maximum years since 187.o ; in the second column for all 
the years half way between maximum and the following minimum ; in the 
third column for all the years of minimum ; and in the fourth for the years 
midway between minimum and the following maximum. 

The numbers in brackets show the absolute maximum and minimum 
rainfall for any one year, from the figures employed in the averages. 
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Sun-spot 

Maximum. 
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1 At 

Sun-spot 
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SO 

101 

103 (71) 

Wet 

Kurunepala 

(verv malarious) 

SO 

84 

92 

100 (140) (67) 

Dry 

Anuradhapuni 

.•»+ (SO) 

49 (7.-)) 

5-1 

58 

A’ ere tret 

Ratnapura 

(l.Sr,) 

1.50 

165 (191) 

170 

Drt- 

Puttalam 

42 

40 (84) 

47 

.53 (80) 

Drv 

Mannar 

ao (r,8) 

89 

83 (21) 

44 

Dry 

Jaffna 

50 

48 

46 (80) 

54 (78) 


Badulla 

75 

65 (52) 

70 (52) 

89 (151) 

Hill 

Hakgala 

90 (75) 

90 

105 

107 (119) 

Hill 

N’Eliya 

84 (68) 

92 _ 

106 (128) 

97 

Hill 

Kandy 

78 (64) 

87 

95 (117) 

86 

Dry 

' Trincomalie 

65 

58 

68 (85) (05) 

57 

Drv 

Batticaloa 

64 

58 

67 (35) (113) 

05 

Drv 

Hambantota 

89 

40 

44 (60) 

40 (18) 

Wet 

Galle 

84 (68) 

95 

117 (143) 

102 
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It will be seen that onlj' in N’Eliya, Kandy and Galle is there a correspon- 
dence between maximum rainfall and sun-spot minimum and vice versa. ^ 

In Hambantota there is also the same correspondence but the variation is 
very small. Kandy and Hambantota suffered from the last malaria epidemic. 

None of the eleven other stations given show any sign of sun-spot maxima 
and minima having any regular effect on the rainfall. 

The figures are averages of all the maxima and minima since 1875. 

Conclusion. 

The relation between malaria epidemics and sun-spot activity is not as 
close as Gill would have us believe either in Ceylon or elsewhere. The last 
two outbreaks in Ceylon, 1934 and 1928, do, it is true, coincide with a minimum 
and a maximum of sun-spots, but from 1923 back to 1905, epidemics both in 
Ceylon and elsewhere, taking Gill’s own dates, with one or two necessary 
corrections, have prevailed during one and a half complete sun-spot cycles with 
absolute impartiality at sun-spot maximum, minimum and every stage in 
between. This is shown on the chart where the curve is based on Greenwich 
sun-spot numbers as given by Maunder and Newton (1936} and epidemics of 
malaria are indicated by E. 



Taiile B. 

Sun-spot Cycle 
Greenwich Numbers. 

E = Malaria Epidemic (Gill). 


The “ periodicity ” of virulence of malaria parasites may be a reality, 
which epidemiologists are endeavouring to explain. To attribute it to the 
influence of a solar cycle, in the absence of convincing proof, would be as logical 
as attributing the length of the lunar month to the rotation of the sun upon its 
axis, because both take nearly exactly the same time, or to attribute the menstrual 
period in women to the rotation of the sun and moon because the period is 
nearly the same. 

An indirect effect through changes in rainfall certainly cannot be main- 
tained in Ceylon, because variation in the rainfall in most places does not follow 
the sun-spot cycle, and where it apparently does so the effect is too small to 
influence the breeding of anopheles. 

Finally there is grave doubt whether the measured changes in the Solar 
Constant can be the cause of the iveather changes attributed to it, 
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Changes of about 0-5° C. in tiic mean temperature of the world, variations 
of 10 mm. in the annual rainfall in various places attributed to changes in the 
Solar Constant, can only be very tentatively attributed to this cause so long as 
the errors in measurement of the Solar Constant are unknown. 

There are many known causes of error, and the effect of the atmosphere 
with its many variables on measurements of the sun’s heat, which has to come 
through it, cannot be exactly or perhaps even approximately eliminated, and to 
find a change of 1 per cent, to be due to a cause, the error of measurement of 
which may be 10 per cent., is a serious fallacy. 

To attribute abnormal weather to .sun-spot maxima or minima appears 
slightly unscientific at a time like the present, when very abnormal weather is 
occurring in Europe almost exactly half way between a minimum and a maximum. 

It seems inherently improbable also that two opposite phases of the sun’s 
activity should produce the same effect upon the incidence of malaria, unless 
one phase causes abnormal rain in the dry country and the other abnormal 
drought in the wet country, and in Ceylon the rainfall statistics give no support 
to this view at all. Many of the figures given for Ceylon were supplied by 
Dr. H. Jameson, Superintendent of the Colombo Observatory, to whom 
acknowledgment is gratefully given. 
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by ScHOTTE (1782) as having occurred at St. Louis de Senegal in 1778, a year 
in which the Gambia also was infected. Schotte, though calling the disease 
“ synochus atrabiliosa,” regarded it as a severe form of malarial fever and for 
many years this was the generally accepted view of its nature. To determine 
whether a particular outbreak was yellow fever or malaria is by no means easy, 
more especially when it is remembered that the whole nomenclature of fevers 
was chaotic till well into the nineteenth century. Augustin (1909), for instance, 
gives 105 synonyms for yellow fever and his list can easily be augmented, 
Bryson (1847) was the first to introduce some sort of order, so far as the ships 
of H.M. Navy were concerned, by allowing only three headings for fever in 
the naval returns — intermittent, remittent and yellow. As Dudley (1932) has 
pointed out, the first must have comprised chiefly benign tertian and quartan 
malaria and relapsing fever, the second largely subtertian malaria, with a variable 
amount of enteric fever and missed yellow fever cases. Blackwater fever also 
probably fell into this second group, together with occasional cases of leptospiral 
jaundice and epidemic catarrhal (common infective hepatic) jaundice. The last 
three diseases are hardly likely to have caused fulminating outbreaks with a high 
mortality, while the mildness of the enteric group of fevers in West Africa is 
well known. Epidemics with a heavy death rate either on shore or on board 
ship were therefore almost certainly due either to yellotv fever or to malaria 
and even before the days of treatment by “ the bark ” the latter as compared 
with the former must have been a negligible cause of death. Moreover, deaths 
from cerebral malaria were, it appears, often entered as apoplexy or sunstroke. 

The good example of the naval authorities in insisting on a standardized 
nomenclature was not, however, followed by the medical authorities ashore, 
and throughout the nineteenth and even into the present century deaths are said 
to have been due to “ bilious haematuric ” and “ bilious remittent ” fever. 

Although therefore the earliest febrile epidemics with high mortality cannot 
with certainty be ascribed to yellow fever, there is a strong probability that they 
were due to this infection. 

The Gambia was first visited by the Portuguese in 1455 when Alvice da 
Cadamosto entered the mouth of the river. In the following year at the instiga- 
tion of Henry the Navigator he returned. While proceeding to the cou ntry of 
Battimansa, 60 miles up stream, fever broke out and one man was buried on a 
small island. At the end of the 11th day of his stay with Battimansa, Cadamosto 
decided to return to the mouth of the river as many of the crew had begun to 
suffer with a hot fever which was acute and continuous (Ramusio, 1563-83 and 
Prestage, 1933). It is implied that if the sickness had not been so severe as 
to affect further progress it would not have been noted. 

The next Portuguese expedition to reach the Gambia was also unfortunate. 
Either in 1456 or 1458 Diogo Gomes ascended the river, accompanied by two 
caraxels. One of these he left at Ollimansa, the other 50 leagues nearer the 
ocean, while he went further up to Cantor (the modern Kuntaur). Here his 
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men became worn out witlt the heat. He therefore returned in search of tlic 
other two caravels. In that which had remained at Ollimansa nine men had died, 
the captain, Gonfalo. was very ill and all the rest of the crew except three, were 
sick. In the other caravel five men had died. Unfortunately, information is 
lacking as to the total number comprising the crews of the two caravels, so that 
the death rate cannot be determined (Puestagh, 1935). 

By the end of the sixteenth century the linglish were trading in the Gambia 
but the company founded in 1588 by Queex liLlZABETii did not prosper. In 1618 
another trading company was incorporated and the Catherine, 120 tons, was sent 
out under Richard Thompson. With the exception of the captain the greater 
part of the crew of the Catherine was massacred. second ship sailed in 1619, 
“ arrived at an improper season ” and lost most of the crew b}' sickness. At 
the end of the seventeenth century yet another corporation, “ The Royal African 
Company,” was founded and a fort was established on James Island in 1664. 
In the eighteenth centurv reports of the unhealthiness of the Gambia increase. 
Stibbs, on his arrival at Fort James in 1723, was greeted by the news that the 
Governor and two other Europeans had just died suddenly at Joar, one of the 
Company’s factories. ” Mr. Willy was buried on the North Bastion where 
several other Governors lie.” MooiiE (1738) himself suffered from an attack 
of fever while his assistant “ died of a fever about the tenth day of his illness.” 
Moore notes that ” while the ships lie in the River the Crews are apt to be sick 
and consequently not able to guard their slaves. . . . 4'hesc musquetoes are 
the greatest plagues to one's person of any other vermin on the River. The 
musquetoes mind neither wind nor anything else but are always plaguing one, 
especially in the night.” 

After the middle of the century the treatment of fevers by quinine, ” the 
bark,” became more general, but there was no cessation of febrile epidemics 
with high mortality. Lind (1777), for instance (p. 172), quotes Mr. Martin, 
surgeon of the Cataneuch — a Guinea trader — to the effect that when he was in 
Gambia River in company with four other ships, “ the men in one of those ships 
was daily taken ill of fevers and flu.xes and several of them died delirious. Upon 
removing that ship about half a league from her first anchorage which was too 
near some swamps, her men became as healthy as those in the other ships.” 
Lind (p. 196) also relates a very circumstantial account of an outbreak, said to 
have occurred in August, 1768, on board H.M. Sloop Merlin, “ which continued 
six days in the river Gambia being employed in wooding and watering. While 
there, all the men were in perfect health but in about two days after they put to 
sea, those who had been employed in wooding were successively taken ill ; 
afterwards those who had been employed in the duty of watering v'ere seized 
in the same manner. Several of them in a day continued to fall sick for six or 
seven days afterwards, until at length almost all that had been employed on those 
services were ill : after them their attendants v'ere seized vdth the fever and 
in such numbers as to leave no doubt of the disease being infectious.” Lind 
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fails to mention whether any of these fevers were fatal and unfortunately the 
surgeon’s journals for the period have now been destroyed. An inspection of 
the original log of H.M. Sloop Merlin, preserved in the Record Office, shows 
that Lind was not entirely correct in his facts. The Merlin did not visit the 
West Coast of Africa in 1768, as stated by Lind, but only arrived off Senegal 
from England on 1st July, 1769. On 14th July she anchored in the Gambia 
River and left again on 27th July for Sierra Leone. While off the latter port on 
5th August “ there departed this life Captain Thomas Male and Thomas 
Rogerman, surgeon’s servant.” These were the only fatalities on the voyage 
and this was the only visit of H.M. Sloop Merlin to the Gambia between 1766 
and 1773. 

A much fuller and more authentic account is given by Robertson (1777) 
of an outbreak in H.M. Sloop Weasel in 1769 following a brief sojourn in the 
Gambia. “ The ingenious Mr. Robertson,” as Lind calls him, not only gives 
a very full account of the outbreak but by printing his daily journal enables the 
reader to follow accurately the course of the epidemic. The Weasel first sighted 
the Barbary Coast on her voyage from England on 22nd July and on the 28th 
was off the Gambia River. The next day she “ stood in towards the River 
and spoke H.M. Sloop Hound and got a man out of her to pilot us up the River — 
he had a very sickly complexion ” ; 30th July was spent in getting up the River. 
“ They anchored p.m.” and next day the men were sent ashore to cut wood. 
“ The men were exposed to the rains.” On 1st August they continued up the 
River and ran aground near Fort James, “ which occasioned the men’s being 
very much fatigued in the heat of the sun.” The following day they got the ship 
off and “ after much trouble anchored in the sun nearly opposite the Fort.” 
On 4th August “ the men were employed in watering ship, the watering place 
being on the north bank at a point where it was very swampy and covered with 
trees and shrubs. The water was thickish, but had no bad taste. As boats 
could not get near the shore the men had to swim the casks off.” On 7th August 
“ most of the officers and gentlemen were ashore — which was all a marsh — 
shooting ” ; 8th August they got under way and began sailing down the river, 
being clear of it by 10th August. 

Before the arrival of the Weasel in tlie Gambia there was very little sickness 
on board. On 30th July the Hound’s man Avent sick Avithin 24 hours of joining 
the ship. He suffered from a tertian intermittent fever and Avent back to duty 
on 14th August. BetAveen 1st August and 14th August there Avas one bad case 
of tertian intermittent and eleven slight fevers Avhich Avere very mild and easily 
cured. Some of them AA'ere seized the bad feA^er afterAvards and seA'eral 

died. The first fatal remittent fevt. a boy of 13 years of age Avho com- 
plained of siekness on the 14th Ai Avhich day (6 days after leaving 

their anchorage) fiA'e other remitted ' '’cl. The initial/- 'oms in 

bothnr' severe ' re simiL -us pain in the lo. dache, 

“ sicki -r J and grt s.” In the m; ' ases 



M. j'iNfjiwVv r. H. 


071 


the patient.s complaineti of severe postorbital pains and were exceedingly 
dejected during the slight and temporary remission which often occurred about 
the 3rd or 4rh day, to be followed later b}' delirium. On the 7th day some of 
their countenances were quite yellow and others looked wild. Vomiting and 
loose foetid stools were more general ; the pulses were irregular. On the Sth 
day a few, after violent vomitings and purgings, broke out in purple blotches 
like the stinging of nettles, particularly about the face and neck, which soon 
disappeared. In one patient the parotid gland became swollen. On the 9th 
day “ one who had purple blotches likewise had an haemorrhage from the nose 
and mouth at times, his urine too was bloody,” In one patient a large ecchymosis- 
like swelling appeared on the right side of the neck and face a little before death. 
The majority of those who died had never before been abroad. The following 
list of fatal cases, /row //fe s/iip's log, shows that seven of the ten deaths 
occurred after an illness of less than 10 days duration. These figures differ 
slightly from those given in the text by Robertson himself (p. 16) whence 


I'atai. Casi;s of RFMmrKT Ffatr ik H.M. .Sloop Weasel, August, 1769. 


Number of Cn.scs. 

Date of Onset. 

Date of Death. 

Number of Days Sick. 

a 

' 14.8.09 

21.8.09 

7 


i0,8.69 

27.8,09 

7 


24.8.09 

81.8.09 

7 

•1 

lo.s.on 

24.8.09 

8 


20.8.09 

24.8.69 j 

8 


17.8.09 

20.8.09 1 

9 


18.8.09 

27.8.09 1 

9 

i 

' 1 8.8.09 

28.8.09 j 

10 

1 

KS.S.09 

:(0.8.09 i 

12 

I 

1S.S.09 j 

2.9.09 j 

j 

14 


they have been copied (not quite accurately) by Lind (1777) and thence by 
Carter (1931). They show that yellow fever cannot be so easily ruled out as 
a cause of the mortality as suggested by Carter (p. 256). From 14th August 
to 27th August inclusive, thirty-three cases of remittent fever were treated, in 
a crew of ninety, though many of those who were not actually sick are said to 
have been far from well. On 27th August the ship was “ smoaked.” One 
further case of fever occurred on 2nd September. 

Indications which suggest that the disease may not have been yellow fever 
are, the fact that vomiting of matter like the grounds of coffee was not observed, 
and in one case a favourable crisis did not occur till the 18th day. “ An eruption 
appeared about some of their mouths.” Carter (1922) regards herpes labialis 
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as common in malarial fever but ver)' rare in yellow fever. However, five cases 
of herpes labialis have been observed among SOO persons immunized against 
yellow fever, so that its occurrence does not necessarily rule out yellow fever. 
The high mortality rate, the quick succession of deaths and the tendency to 
haemorrhage are in favour of yellow fever though almost certainly- cases of 
malaria were also present on board. The fact that the outbreak ceased after 
fumigation of the ship is, however, highly suggestive evidence that during its 
stay in the Gambia the TTeoseZ had taken on board mosquitoes infected with 
yellow fever, for if malaria had been the principal cause of sickness the destruction 
of the mosquitoes would hardly have caused so sudden a cessation of the out- 
break. 

In 1778 and 1779 cases occurred in the Gambia which were similar in 
character to those described by Schotte (1780) in Senegal. 

In the nineteenth century Bathurst becomes the chief centre of interest in 
regard to the incidence of yellow fever in the Gambia. Bathurst was founded 
in 1816, the greater part of the population being made up of liberated slaves 
with a small number of European officials and traders. Even by 1840 the 
population consisted of only thirty-six whites and 2,825 blacks. The first 
epidemic, almost certainly of yellow fever, occurred in 1825 when of a 
detachment of 108 men 74 died of a remittent fever. In 1828, according 
to B^renger-Fer.aud (1890) the whole coast from the Bight of Benin to the 
Gambia suffered from yellow fever but there is no record of cases actually 
occurring in Bathurst. The conditions in Bathurst in 1835 were very fully 
described by Alexander (1837). Although many of the Europeans were then 
suffering from intermittent fever Mr. Tebbs, the surgeon, stated that at that 
time Europeans rarely died of fever. When he first arrived in 1829 the colonial 
surgeons had said to him “ In bilious fevers you must not be surprised or annoyed 
if }^ou lose one half of your patients. We consider ourselves lucky if we do not 
lose three fourths.” They bled copiously and used mercurials. Tebbs ascribed 
his success to purgatives and the bark. Unfortunately, in the next epidemic 
which took place in 1837, Tebbs himself was one of tlie earliest victims. 
This outbreak was fully described by Pym (1848), and is noteworthy as being 
the first in the Gambia which was definitely described as yellow fever. H.M. 
Brig Curlew left Sierra Leone, where yellow fever was then epidemic, about 
the middle of May. While on passage the disease broke out among its crew and 
on arrival at Bathurst on 4th June fifteen men were either dead or dying. One 
half of the Europeans in the town succumbed, all those infected dying. Five ’ 
Europeans, including the then Colonial Secretary, escaped to Senegal but all 
died of the disease, nhich then proceeded to carry off a large part of the popula- 
tion of Goree. 

Whether the disease was actually carried from Bathurst to Goree is uncertain. 
Throughout the nineteenth century it was customary for the authorities of any 
infected port to accuse other ports of having passed on the infection. According 
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to Bryson (1847) a Altai fev'cr was alreaciv present in the Gambia in May, 1837, 
for H.M.S. Fnir Rosatmml in that month liad sixteen cases, with five deaths. 
Details, however, arc lacking as the surgeon himself died. Two persons who 
sailed in the Rubis to Gorec at the beginning of August are supposed to have 
infected that town. In 1842 four cases of yellow fever occurred among the 
garrison : two of the patients recovered. In August, 1859, what is described 
as “ a lamentable epidemic ” occurred. By the end of September only six 
Europeans were alive and some of these were convalescent. A year later (1860) 
three medical officers occupying the same dwelling at MacCarthy’s Island 
“ yielded to fever of a bad type after five days illness.” In 1862 four cases of 
yellow fever were notified in Bathurst, two of the patients recovered. In 1866 
Goree and Bathurst again indulged in mutual accusations (Ci^DONT, 1868). The 
former town had 249 cases with 110 deaths, the latter 17 deaths in the space of 
4 months (July to October). In 1872 the prevailing diseases in Bathurst are said to 
have been yellow fever and smallpox, though exact details are lacking. B^renger- 
Feraud (1890) claims that he was instrumental in saving Goree from infection 
though Bathurst was decimated at this time. In 1878 the inhabitants of Bathurst 
congratulated themselves on being not as other men, for whereas yellow fever 
was known to be raging in French territory 45 miles to the north and again 60 
miles to the south, Bathurst itself was only visited by a ” malarial fever.” This 
malarial fever, however, was of such extraordinary malignancy and startling 
fatality that of the European population of between fifty and sixty, thirteen died, 
ten of them in the last quarter of the )'’ear. For the next 22 years there is no 
recorded epidemic of yellow fever, though occasionally Europeans died from 
” bilious haematuric fever.” 

In May, 1900, however, the ” ancient tale of wrong ” is continued and in 
the succeeding 5 months there were eleven cases of yellow fever with nine 
deaths. The outbreak is noteworthy, as it is for the first time recorded that 
” perhaps and not improbably in this case mosquitoes were the agents responsible 
for the yellow fever spreading from its original centre. It is worthy of note that 
all the cases (except one at the Catholic Mission) occurred in the front street of 
the town, the street most infested with mosquitoes.” Following the report by 
Dutton (1902) on conditions in the Gambia, sanitary reforms were instituted ; 
though in 1903 a Catholic father died under somewhat suspicious circumstances 
from bilious remittent fever, no further epidemic occurred till 1911. In that 
year there were again eleven cases with nine deaths ; — ^four cases with three 
deaths in May, six cases and five deaths in July, one case and one death in 
November. A full account of this outbreak is to be found in the 27id Report 
of the Yellow Fever Commission (West Africa). Again there was a respite for 
11 years, during which time, as a result of the War, the European population 
of Bathurst was greatly reduced. There was a new outbreak in October, 1922, 
when a young Moroccan died from yellow fever. Two mild cases were seen in 
adolescent Africans and two suspected cases also occurred. In November, 1928, 
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two Europeans and an African died from yellow fever and one African recovered : 
a month later a second African died and other cases were suspected. The first 
cases were associated with the premises of a trading firm heavily infected with 
AMes aegypti. In October, 1934, there began the epidemic which is the subject 
of the present enquiry. 

The history of acute and fatal epidemics among Europeans in the Gambia 
thus extends back for 480 years. Absolute proof that the earlier outbreaks were 
due to yellow fever is, of course, lacking, but in view of the uncertainty as to 
w'hether yellow fever is of African or American origin it is w'orthy of note that 
there was no change in the general character of the epidemics (i) either before 
or after the discovery of America, (ii) either before or after the institution of the 
slave trade, (iii) either before or after the general introduction of cinchona bark 
as a routine treatment for tropical fevers. 

Since the foundation of Bathurst in 1816 it is noticeable that there is no 
history of any outbreak of yellow fever affecting the Africans in the Protectorate 
and no death in this area among Europeans except in 1860, when three medical 
officers are said to have died at MacCarthy Island. The Protectorate, in fact, 
might be regarded as “ a silent area ” for yellow fever. 

So far as Bathurst is concerned, there is a very faint suggestion that epidemics 
of yellow fever tend to recur at intervals of either from 5 to 6 or from 11 to 12 
years. The data, however, are of insufficient statistical value to establish any 
definite periodicity. Dutroulau (1868), it may be added, found in the lesser 
Antilles a periodicity of either 6 or 10 years, while various authorities have 
suggested an 11 or 12 years periodicity for malaria epidemics. Gill (1936), as 
Meldrum (1881) and others had done, has attempted to associate these malaria 
epidemics with variations in the sun-spot cycle, major epidemics occurring at 
periods of sun-spot minima, minor epidemics at sun-spot maxima, the average 
duration of the sun-spot cycle being just over 1 1 years. 

The Chart on page 675 shows that from 1825 to 1935 there have 
occurred eleven periods of sun-spot minima. Eight of these periods have been 
associated with outbreaks of yellow fever in the Gambia. Of the four other 
yellow fever outbreaks in these 110 years, three occurred at or near periods of 
sun-spot maxima, w’hile the outbreak of 1862 was probably merely a continuation 
of the 1859-60 epidemic. 

It must not, however, be assumed that the sun-spot cycle and outbreaks 
of yellow fever are directly correlated. The sun-spot cycle is one of the twelve 
or more regular periodicities which together make up the cycle of solar variation. 
All the periodicities in solar variation are integral submultiples of 23 years ; as 
Abbot (1935) has shown, the weather contains features which tend to repeat 
themselves at intervals of 23 years. Various phenomena depending on rveather 
thus show the influence of the 23-year cycle~the level of the Nile, the levels 
of the Great Lakes, the rainfall of New England, the width of tree rings and the 
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abundance in the sea of cod and mackerel. Only further research can show 
whether periodic variations in mosquito populations also exhibit the influence 
of this cycle. 

Discussion. 

The history here recounted of outbreaks of epidemic disease in the Gambia 
would seem at first sight merely to add further evidence to that so skilfully 
marshalled by Carter (1932) in favour of the African origin of yellow fever. 
Since the publication of Carter’s book, however, many new facts have accumu- 
lated which render the problem of the original home of yellow fever still more 
complicated. 

The following facts arc in favour of the African origin of yellow fever 

(i) As a result of the survey of Africa by the mouse protection test, yVfricans 
with immune bodies to yellow fever have been found as far cast as the Bahr el 
Ghazal Province of the Anglo-Egyptian Sudan. There is evidence that the 
disease is not of recent introduction in this region. 

(ii) The mild reaction of Africans to yellow fever suggests a long period 
of exposure to infection during which the more susceptible members of the 
indigenous population have been slowly eliminated and a racial resistance has 
been gradually acquired, 

(iii) The failure of African monkeys to react to yellow fever virus by the 
development of clinical symptoms or pathological lesions also suggests a long 
period of exposure to infection. 

(iv) Aedes aegypti is almost certainly an Old World mosquito since there 
arc many parts of South America to which it has not yet penetrated. 

On the other hand : 

(i) Yellow fever has occurred in mountainous regions in South America far 
removed from the eastern seaboard. 

(ii) A mild reaction to infection is not always met with in Africans since 
in certain outbreaks their mortality has been high. Inapparent infections arc 
by no means rare in South Americans of mixed European and Indian descent 
while, as laboratory infections have shown, even persons of pure European 
descent may suffer from yellow fever in a very mild form. 

(iii) Monkeys from East Africa where yellow fever has never been known 
to occur arc no more susceptible than those from West Africa. West African 
monkeys arc also relatively insusceptible to an East African virus, Rift Valley 
fever, to which they have never been exposed (Findi.ay, 1933). 

(iv) Although there arc many areas in South America where Acdcs aegypli 
is absent yet the disease is effectively transmitted in these regions by indigenous 
South American mosquitoes such possibly as Acdcs scapularis. 

It is possible that a true explanation of the origin of yellow fever may 
eventually be found in the existence of an Old and a New World strain of yellow 
fever virus. The Old World strain, that transmitted by Aedes aegypti, has 
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undouhtediy crossed and rccrosscd the Atlantic on countless occasions in 
historical times, infecting and reinfecting the eastern seaboard of America. 
The New World strain would be that transmitted by non-domestic Aedes 
mosquitoes in the jungle regions of South America. 

d’herc is now growing evidence that yellow fever may persist in the absence 
of susceptible human beings while both in South America and in Africa (Soper, 
1933 ; and Findlay, Sti-fanopoijlo, Davey and .Mahaffy, 1936) monkeys have 
been found with immune bodies to yellow fever. It is thus possible that yellow 
fever was present in Africa and in South America at a time long before the 
appearance of man. 'Fhcre is considerable evidence that at some remote period 
or periods the Old and New Worlds were united. Though Wegener’s theory 
of continental drift, which suggests that West Africa and Brazil were connected 
as late as the cretaceous period, has not met with universal acceptance since, as 
Watts (1935) has pointed out, the resemblances between the tertiary floras of 
America and Europe actually increased at the time when, on the theory of 
continental drift, the Atlantic should have been widening, nevertheless the 
possibility of migration across polar lands or seas when terrestrial climates 
differed from the present cannot be ignored. Smith Woodward (1935) for 
instance, suggests that the little Mesosaurian reptiles of the Permian rocks of 
both South America and South Africa, descendants of those found in the coal 
measures of North America and Europe, wandered south in parallel ways down 
the African and American continents. The ancestors of the primates and of 
the aedine mosquitoes may similarly have travelled south in two separate streams. 

Evidence that two strains of virus may exist in a continuous land area is 
now forthcoming in the case of the virus of equine encephalom3felitis which in 
North America has differentiated into two strains, an eastern and a western 
form. The clinical symptoms and pathological changes produced by these two 
strains are practically identical while serologically the differences are quantitative 
rather than qualitative. The western strain, however, is readily transmitted by 
Aedes ciegypti, the eastern with the greatest difficulty, if at all. Highly suggestive 
evidence of the e.xistence of a New World strain of yellow fever virus might 
possibly be obtained by an examination of the bloods of Amazonian Indians 
from the still unexplored forests that lie to the north of Matto Grosso. 

Conclusion. 

Since the discovery of the Gambia in 1455, there have occurred among 
Europeans in this region periodic outbreaks of disease, attended by a high 
mortality. 

These outbreaks occurred before and after the discovery of America, before 
and after the introduction of cinchona bark as a routine treatment of fever. 

Since the foundation of Bathurst in 1816, outbreaks of yellow fever have 
occurred periodically in this town : they have not been recorded in the 
Gambia Protectorate. 
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It is an unfortunate fact that knowledge of medical and sanitary conditions 
of many of the greatest populations of the world is all too vague. Particularly 
is this true of Africa and Asia, where more accurate information of the .occurrence 
of disease is urgently required. In this connection it may be of interest and 
importance to examine the methods that have been adopted in China for 
determining disease prevalence and distribution. 

There are few medical problems which did not come under the purview 
of the Chinese ancients, and medical statistics are no exceptions. The following 
is an extract from Wong and Wu (1932) : — 

“ The Chou Rituals, 10th centurj' B.C., state that at the end of the year the work of 
the doctors is examined and the salary of each fixed according to the results shown. If 
the statistics show that out of the cases treated ail get well, every satisfaction may be felt. 

however, 1 out of 10 dies, the results are only fair ; if 3 out of 10 die, they are poor ; 
if 4 out of 10, they are bad.” (History of Chinese Medicine.) 

There is an immense Chinese medical literature, but its interpretation in 
terms of modern clinical and pathological nomenclature is extremely difficult. 
The classical medicine is inextricably interwoven with religious beliefs, astrology 
and demonology, and its philosophy governed by such ideas as that of the 
Yang and Y'ing Principles ” and the “ Five Elements.” In most instances 
conclusions from such material are little more than conjecture. Nevertheless 
some facts have emerged, such as that clinical records were kept in the Han 
Dynasty, i.e., about the time of Christ, by one Ts’ang Kung, who described 
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twenty-five cases. After this, according to Wong and Wu (1932), no further ca^se 
histories are available until those recorded in the Sung Dynasty (a.d. 960-1297). 
Since that time writers in successive dynasties have given descriptive accounts 
of such conditions as eye diseases, leprosy, beri-beri, smallpox and syphilis, 
but apparently no attempts at formulating an index of the amount of disease 
were made. 

The scientific description of disease distribution and prevalence in China 
had to await the permanent establishment of scientific medicine which dates 
from the founding of the dispensary for Chinese by Livingstone and Morrison 
in INlacao in 1820. In the years that followed, medical missionaries gradually 
spread throughout China until to-day there are few of even the remotest areas 
without some apostle of scientific medicine. Individual contributions to know- 
ledge flowed in a steady stream from these pioneers who were stimulated, not 
only by the new and strange diseases of this great country, but also by contact 
with the medicine and herbal lore of the ancient Chinese civilization. Thus, 
indirectly, a rough pattern of the major diseases occurring in the missionary 
fields was woven, but the first concerted plan to study disease incidence and 
distribution came not from a missionary group, but from the Chinese Imperial 
Maritime Customs. 

In 1860, the late Sir Robert Hart, the Inspector General of the Customs 
Service, founded the Customs Medical Service with medical officers stationed 
at important Chinese sea and river ports. This was an outstanding landmark 
in the history of the collection of data of disease incidence in China, 
for the Service, from its inception, represented something more than a group 
of medical officers with limited official duties. It became an instrument of» 
epidemiological research, w'hich was a development of such extraordinary 
importance and evidence of such vision upon the part of its sponsors. Sir Robert 
Hart and Dr. Jamieson, that the circular initiating this function should be 
included amongst the classics of medical statistics. No apology need be made 
for reproducing it in this article on page 681. 

Reports were issued over a period of 40 years, viz. 1870 to 1911, representing 
a standard of achievement that cannot be too highly admired and to-day the 
series is the essential introduction and preparation for epidemiological work 
in China. In them new diseases were reported, seasonal fluctuation noted and 
a rough description given of the occurrence of most of the major conditions. 

In passing, it is interesting to record that numerous contributions by 
Patrick Manson illumined the pages of the Customs Medical Reports. 

The band of Customs medical officers paved the way to an investigation 
of the t3^pes of disease prevalent in various parts of China and provided a mass 
of correlated data that is still yielding a harvest. Collective research, however, 
was not confined to them, in fact its brightest phase was yet to come in the 
service rendered by the medical missionary in support of his association. 

As far back as 188/, in the first volume of the China Medical Journal, it was 
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INSPECTOR GENERAL’S CIRCULAR NO. 19 OF 1870. 

iN-srr-cTORATfi: Gkn'er/\l of Customs, 
Peking. 

3 Li December, 1870. 

Sir, 

1. It has been suggested to tno that it would be well to take advantage of the circum- 
stances in wiiich the Customs Establishment is placed, to procure information with regard 
to disease amongst foreigners and natives in China ; and I have, in consequence, come 
to the resolution of publishing hnU-ycnrly in collected form all that may be obtainable. 
If carried out to the c.vtcnt hoped for, the scheme may prove highly useful to the medical 
profession both in China and at home, and to the public generally. I therefore look with 
confidence to the co-operation of the Customs Medical Officer at your port, and rely on 
his assisting me in this matter by framing a half-yearly report containing the result of his 

obser\'ations at upon the local peculiarities of disease, and upon 

di.seases rarely or never encountered out of China. The facts brought forward and the 
opinions expressed tvill be arranged and published either with or without the name of the 
physician responsible for them, just as lie may desire. 

2. The suggestions of the Customs Medical Officers at the various ports as to the 
points which it would be well to have especially elucidated, will be of great value in the 
framing of a form which will save trouble to those members of the Medical profession, 
whether connected with the Customs or not, who will join in carrying out the plan proposed. 
Alcanw'bile I ivould particularly ini'itc attention to : — 

(а) The general health of during the period reported on ; the 

death rate amongst foreigners ; and as far as possible, a classification of the 
causes of death. 

(б) Diseases prevalent at 

(c) General t 3 'pe of disease ; peculiarities and complications encountered ; special 
treatment demanded. 

Season. 

(d) Relation of diseases to Alteration in local conditions— such as drainage, etc. 

VAlteration in climatic conditions. 

(e) Peculiar diseases ; especially lepros}'. 

Absence or presence. 

{/) Epidemics- g^'^'and treatment. 

Fatality. 

Other points, of a general or special land, will naturally suggest themselves to medical 
men ; what I have above called attention to will serr'e to fi.x the general scope of the under- 
taking. I have committed to Dr. R, Alex. Jamieson, of Shanghai, the charge of arranging 
the Reports for publication. 

3. Considering the number of places at which the Customs Inspectorate has established 
offices, the thousands of miles north and south and east and west over which these offices 
are scattered, the varieties of climate, and the peculiar conditions to which, under such 
different circumstances, life and health are subjected, I believe the Inspectorate, aided by 
its Medical Officers, can do good service in the general interest in the direction indicated ; 
and, as already stated, I rely with confidence on the support and assistance of the Medical 
Officer at each port in the furtherance and perfecting of this scheme. You will hand a 

copy of this Circular to Dr and request him, in my name, to hand to 

you in future, for transmission to myself, half-yearly Reports of the kind required, for the 
half-j'ears ending 31st March and 31st October — that is, for the winter and summer seasons. 

I am, etc., 

(Signed) Robert Hart, I.G. 

The Commissioners of Customs : — 

Newchwang Cbinidang Takow 

Tientsin • Shanghai Amoy 

Chefoo Ningpo Swatow and 

Hankow Foochow Canton. 

Kiukiang Tamsui 
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urged by a correspondent that missionary hospitals should place on record in the 
journal summaries of their annual reports. This suggestion bore some fruit, 
but it was not until the establishment of the Research Committee of the Chinese 
Medical hlissionary Association that a comprehensive investigation of disease 
prevalence and distribution was planned. This early Committee in 1913 drew 
up an ambitious programme, but reference need be made here to one item 
only, eventually to be a most successful feature. This was a system of surveys. 
Faecal samples were collected in various parts of the country and the knowledge 
of the distribution of Aiicylostoma, Fasciolopsis and other parasites thereby much 
extended. A further simple practical survey consisted in the preparation of 
blood smears which laid down the foundation of the present knowledge of the 
malaria problem in China. Faust (1926), whose survey is now the most authori- 
tative review of malaria in China, gives much credit to the pioneer ivork of the 
Association. 

Other surveys of single disease groups have been undertaken, notably those 
by the Hookworm Commission (1926) ; of plague by Wu, Lien-teh (1934) and 
his associates ; and of schistosomiasis by Faust and Meleney (1924). 

A further method of approach which was adopted by the Association is 
still being vigorously pursued, largely due to the efforts of J. L. Maxwell (1930). 
He has consistently urged that missionary and other hospitals have a bounden 
duty not only to issue annual reports, but to use recognised disease nomenclatures 
and follow uniform classifications. As a result, realization of the importance of 
accurate recording is gradually developing and hospital reports from China will 
in time provide material of unusual assistance to statisticians and public health 
administrators. 

The collective work conducted by the Customs Medical Service and by 
the China Medical Missionary Association forms the first comprehensive 
attempt to estimate the general prevalence of disease. Notice must also be 
given, however, to other accumulations of similar data, but restricted to local 
areas, made by two of the more important official health authorities in China, 
the Hongkong Government and the Shanghai Municipal Council. Hongkong 
was ceded to Britain by China in 1842 and shortly afterwards medical officers 
were stationed on the island, wffiich, in its early days, had gained a bad reputation 
on account of the ravages wrought by malaria. With the evolution of a sanitary 
and health department came the issue of annual health reports for the colony c 
these continue to the present day and being based on a uniform model, they 
paint a picture of many medical happenings in South China which otherwise 
would not be available. It is possible to trace in them the introduction into 
that area of such diseases as rabies and foot-and-mouth disease, and to study 
the ebb and flow^ of such epidemics as plague and malaria. 

However, the best municipal records of disease in China proper are 
undoubtedly the annual health reports of the Shanghai Municipal Council. 

orkers on such subjects as cholera, rabies, scarlet fever and veterinary conditions 
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find the only historical account of any reliability in the tables and text of these 
annual productions. That much of this material is available to-day is due to 
the efforts of Dr. J, H. Jordan, Commissioner of Health, who, appreciating the 
importance of consecutive disease records saved much of the early literature 
from destruction. Official collections of morbidity and mortality statistics being 
only in their infancy in China, additional significance is given to the publications 
of these Hongkong and Shanghai organisations. 

The sources of data thus far mentioned had their beginnings largely in 
the early days of scientific medicine in China and it is this historical range which 
renders them of the greatest value to the epidemiologist. The more accurate 
and specialised examination of disease incidence is a recent development. The 
first of these later studies to be mentioned is to the credit of an entirely Chinese 
institution, the National Epidemic Prevention Bureau. Accounts of the initiation 
of the intelligence system of this Bureau have been given by Huang (1927) and 
also in a report published in 1934 b}' the National Health Administration. 
Communicable diseases, based on the list of the League of Nations Health 
Organisation, alone were considered, as naturally these were the main concern 
of the official machinery. Hospitals and physicians throughout the country 
were circularised and invited to return postcard accounts of infectious disease 
coming under their notice. The satisfactory response enabled the Bureau to 
issue monthly bulletins, which were also incorporated in the Morithly Epidemio- 
logical Reports of the League of Nations Health Organisation, but after a period 
of three years this function was, in 1928, transferred to the Central Government 
Department now known as the National Health Administration. 

Extended and improved, this form of notification of communicable disease 
is now undertaken by the Department of Epidemiology and Vital Statistics, the 
standard postcard and monthly returns being supplied not only by hospitals 
in every province, but b)' the National Quarantine Service, and local health 
authorities. This is an important official work. Major communicable diseases 
such as plague, typhus, malaria and smallpox are thus to some extent kept under 
observation and their main movements followed and, for practical purposes, the 
essential data of epidemic control and prevention are provided. Quantitative 
results are not obtained, the postcard form indicating the degree and prevalence 
of disease, according to the reporting officers’ opinion only by such terms as 
“ sporadic,” “ prevalent,” “ epidemic ” and “ absent.” 

Consideration has now to be given to the latest methods of stud)'ing disease 
prevalence as applied in China. To appreciate the problem it is necessary to 
review the position of modern medicine in China, as it is only from scientific 
medical observers that estimates of disease can be expected. 

Despite a century of effort, the new medicine is limited still to the towns, 
and as a generalisation it is true to state that the rural population, which forms 
85 per cent, of the total population, is practically outside the observation of 
scientific medical practitioners, being under the influence of the herbalist and 
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follower of the ancient medical guilds. Even in the towns scientific medicine 
is but poorly represented, although some of the larger cities have municipal 
health services. There are the Departments of Health of the three local authori- 
ties in Shanghai, as well as those of Nanking, of Peiping, and of Canton. The 
National Government utilises as information agencies the Department of 
Epidemiology and Vital Statistics discussed above and the Quarantine Service 
representatives at the larger ports. Finally, there are the hospitals, which form 
the bulwarks of scientific medicine in China, and of an approximate total of 400 
hospitals, over 250 are missionary institutions. A few of the leading hospitals, 
such as the Peiping Union Medical College Hospital, Peiping, the Central 
Hospital of Nanking, and the Municipal Hospitals of Shanghai are not under 
missionary control, but the great bulk of the efficient hospital institutions may 
be considered to be sponsored by some religious body. These hospitals are to 
be found in towns and cities throughout China, except in one or two provinces 
recently overrun by communists. There is very little scientific as opposed to 
ancient medical practice carried on apart from hospitals, as outside of the larger 
cities the general practitioner of modern medicine is unknown. Therefore, any 
system of disease-reporting has to be based on the use of the present machinery 
of modern medicine in China, in fact the hospitals. 

The epidemiological aspects of disease are looming larger in China, and the 
need for guidance in the present attempts to establish medical and health pro- 
grammes, both national and provincial, has directed attention to defining the 
extent and nature of disease problems. The method adopted by the National 
Epidemic Prevention Bureau has been outlined. When the First General 
Conference of the Chinese Medical Association met at Shanghai in October, 
1932, the subject was designedly emphasised. Dr. Earle, the Chairman of the 
Research Council of the Association, had come to appreciate the need for an 
ordered collection of disease statistics and as Director of the Henr)' Lester 
Institute of Medical Research, he had established a Department of Epidemiolog)'^ 
and Medical Statistics with such a work in view. At the Congress he called 
upon Major P. Granville Edge (1932) to deliver an address on the subject and 
this led to the adoption of a resolution that the Association undertake an investiga- 
tion of the prevalence of disease in China as revealed by hospital patients, and 
that the Henry Lester Institute be responsible for the necessary organisation. 
In taking this decision, the Congress was quite aware of the deficiencies and errors 
that would be inevitable in an index based on hospital statistics. But, in the 
absence of an official vital and medical system for the country and the impossi- 
bility of its general establishment for many years, in the lack of general practi- 
tioners distributed through all classes and" areas of the population, and in the 
absence of any other possible means of securing such evidence it was felt that 
the urgency of the question justified the use of hospital material. 

borne in mind in assessing hospital statistics. 
In China, hospitals are true general hospitals performing functions and treating 
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conditions more nsiially undertaken by pcneral practitioners in other countries, 
but the hospitals are in urban areas and tiiercforc give no picture of conditions 
in rural populations. Furthermore the Chinese in the mass do not appeal to 
the hospital for treatment in every instance of sickness or injury. They arc apt 
to decide on each occasion whether the Chinese herbalist or the scientific doctor 
is the more likely to provide relief. It follows that, careful observers that they 
arc, the Chinese have long discovered the superior merit of scientific surgery, 
quinine, salvarsan and many other treatments, but in some diseases they 
perceive that the herbalist is quite as effective (or non-effective) as the other. 
Likewise, questions of the hospital personnel, buildings, apparatus and treatment 
are also obviously related to the confidence and popularity inspired by scientific 
medicine and thereby produce varying degrees of success in different areas. 

Hospital annual reports have been and arc increasingly issued in China and 
many of them display in tabular form the conditions treated, but their construc- 
tion, as in most parts of the world, lacks uniformit)'^ in disease terminology, 
classification, and definition of new and return cases. To the epidemiologist 
desirous of getting “ a bird’s c}*e view ” of the nature of disease in China this 
defect renders hospital reports largely useless, and demonstrates again the need 
for serious consideration of a methodical analysis of morbidity statistics. To 
public health and to medicine, morbidity phenomena are more important than 
mortality forces but while the latter, through established international procedure, 
can be thoroughly described ; the former have yet to be assessed by a standard 
measure of terminology and classification. 

What was wanted by the Congress was an immediate disease “ audit ’ to 
cover out-patient or clinic patients as well as the in-patients whose records alone 
are usualh'’ found in hospital reports. Accordingly it was arranged that 
representative hospitals from most of the provinces of China should complete 
an extremely simple card record of each new patient passing through their wards 
and clinics, these card records requiring the following items of information 
concerning each patient ; — Age, sex, occupation, domicile, diagnosis. Instruc- 
tions defining each item enabled uniformity to be approached. 

During 1933 seventeen hospitals and during 1934 twent 3 '-five hospitals 
forwarded each month cards of all vcio in-patients and out-patients. There 
resulted the collection of 474,654 card records b}'' the department in the Lester 
Institute. This formidable mass of data has been and is still undergoing analysis, 
and reports have appeared in the Chinese Medical Journal as the different su bjects 
were completed. For a full account these should be consulted, but the object of 
the present article is met by reference to the main features and conclusions alone. 

On receipt of the cards the Chinese age was converted to Western standards 
by the accurate method introduced by Stevenson (1926). The diagnoses, by 
reference to a modification of the International List of Causes of Death were 
classified under a Short Disease List of fifty causes. This classification had of 
necessity to be simple, as the returns made and the precision of diagnosis varied 
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those of the West. Instead of organizing the practitioners of scientific medicine into a 
united and progressive force, we have allowed ourselves to pursue the most wasteful line 
of individual competition. Lastly, instead of building up a system by which the most 
effective means of protecting the health of the people may be obtained, we have narrowed 
ourselves down to mere relief of suffering, very imperfect at that.” 

The movement is studying all aspects of rural welfare-literacy, agricultural 
methods, sanitation, disease, land tenure, etc., and its deliberations promise to 
be of profound import. However, only the question of disease-estimation can 
be referred to here. A simple system of birth and death registration has been 
evolved, school medical inspection is a routine procedure, dispensary and clinic 
records are collected and finally a health survey of a thousand families is in 
process of analysis. This last study is probably the most remarkable element 
yet revealed in the history of Chinese medical statistics. Such a sample cross- 
section of the general population alone portrays accurately the effects of ill-health 
and defect and when similar samples are taken throughout China a complete 
picture of disease prevalence will be drawn. 

The example of Ting Hsien is being followed. The National Health 
Administration particularly is earnestly developing a similar experimental area 
in Chu-Yeng Hsien near Nanking. Other areas are those of the National 
Medical College at Kiachow near Shanghai, and the very important area rvhich 
was early established by the Peiping Union Medical College at Peiping. This 
project, under the auspices of the Rockefeller Foundation has been among the 
most fruitful, and from it data are steadily accumulating on numerous subjects 
including those of vital and medical statistics. Both mortality and morbidity 
forces are being estimated. (Grant, 1932). 

For the present in China, public health administrators, hospital superin- 
tendents, directors of economic and social reform rely largely upon the' 
unsatisfactory picture painted by hospital records of which that of the Chinese 
Medical Association is as yet the best attempt. Eventually they rvill be able to 
act boldly on the material provided by official statistics and sample surveys. 
China, in her active development of morbidity studies as opposed to mortality 
statistics, is taking a lead in methods of securing information essential to the 
guidance of health and medical movements, and as other countries increasingly 
appreciate the greater importance of morbidity over mortality statistics her 
methods rvill be imitated and follorved. 


Summary. 


1. The need for greater knowledge of disease distribution and prevalence 
m the larger world populations is stressed and the various methods of studying 
the problem in China are discussed. 

2. The classical medical literature of China, though voluminous, is shown 
to give little clue to disease-occurrence through the centuries. 
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3. The first important effort to study the problem was represented by the 
Medical Reports of the Chinese Imperial Maritime Customs. 

4. Estimations of disease prevalence by means of 

(a) Surveys of individual diseases ; 

{h) Insistence on scientific hospital reports, 
had been actively undertaken by the China IMedical Missionary Association. 

5. In the absence of any general vital statistical service special significance 
had been lent to the Reports of the Hongkong and of the Shanghai Health 
Departments. 

6. The realisation that hospitals alone could give the required information, 
there being no general practitioner service outside one or two of the larger cities, 
had resulted recently in the initiation of a Survey of Hospital Patients undertaken 
by the Chinese Medical Association. This Surv'cy had collected half a million 
card records, the analysis of which had provided most valuable information. 

7. A further development of great value in the study of medical statistical 
problems was the use of E.vperimental Health Areas, such as those of the National 
Health Administration, the Mass Education Movement at Ting Hsien, and the 
Peiping Union Medical College Special Health .A.rea. 

8. Finally, in the emphasis she has given to morbidity statistics China has 
given a lead to those countries which still rely too much on mortality data for 
guidance in medical and health policies. 
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